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@ improvements in or relating to wodWed haptens usehil aa imaging and therapeutic agents. 

(g) The present invention ducioses a method for modifying the 
pharmacokinetics o4 a hapten which is useful as an in vivo 
radioimaging or ra<fiotherapeutic agent Compositions compris- 
ing a derivatlzed hapten of the invention are provided for in vivo 
imaging and therapy. A compound al Formula (I): 
2'ni'(kH4^7-€mA4A (0 

s o 

II 11 

wherein Rj is -NH-C-NH-Its , -C-HH-R,. 
-KH-C-CH, -R, . -ra-C-Oi, -KH-R, . 
II II 

o o 

-NH-Ra. -HH-C-hfH-R, or -hW-C-CH, -S-R, ; 
II II 
O 0 

Rj is hydrogen, an amino group, -OC+ Y). -^-phenyl-CHj-Y, an 
unsubstituted Ct to Cso branclied or straight chain alkyi group: 
a substituted Ci to Cm branched or straight chain alkyt. 
-.ycloall(yl. aryi or arylallcyl group, b which the substituents are 
nfte or mora of 8.iy of: 
hydroxy, carboxy. =0. =S, -C=0, 



brooo. iodo. amino, nitro, ^SO^H, 
-NHRj. -N*HR4. -N(Rj),. -CONHRj , 
-COORi . -SO,. -PO4 . phenyl, benzyl, 
imi(2azolo, or a group of the formulae: 
-KH-C-KH-Rj, -Kxl-C-MH-Rj or NH-C-NH-Rj; 
li II 11 

KH 0 S 

wtterein 

Ra is hydrogen, a Ci to Cao straight or brartched chain alkyi 
group. 

-g-phenyl -CHj -Y. 

II ^ 

o 

Of a non-reactive functional group; , - 

Y is EOTA, DTPA. DOTA. HETA. TRITA or TETA: 
R4 is H or -CHj-C-NHR,; 

II 
0 

and. M is a metal k>n. 

or a pharmaceutk:ally-acceptable salt thereof. 



-c=s, 
I 



I 

-SR,, riuoro, chloio. 
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Description 

IMPROVEMEKTS IN OR RELATING TO MODIREO HAPTENS USEFUL AS IMAGING AND THERAPEUTIC 

AGENTS 

Monoclonal antibo<j»es are becoming increasingly important for in vivo use. Of substantial interest are their 
5 potential applications for the imaging and treatment of disease, particularly cancer. Monoclonal antibodies 
which are labeled, for example, with a c^ !ate complex of a metal ion and a chelating agent are particularty 
useful for the imaging and treatment of certain disease states. Generally, such monoclonal antibodies are 
tat>eled by chemical conjugation with tt>e hapten or. in the case of anti-hapten antibodies, by their abiPity to 
specifically bind with the metal chelate to form noo-covalent hapten-antibody complexes. 

10 Recent studies relatif>g to the use of monoclonal -antibodies for tumor imaging and therapy have shown that 
bifunctional antibodies haying specificfty for a hapten and, for example, a tumor target, provide a mechanism 
for defivery of the hapten to ttte tumor target. Delivery of a hapten to a disease site with a bifunctional antibody 
system invotves time dependent binding and release of the hapten from the antibody. Consequently, the 
usefulness of a particular hapten as an imaging or therapeutic agent is dependent upon the interaction of the 

15 hapten with the antit>ody utilized as well as with serum coi.iponents. e.g.. proteins, lipids, and other tissue 
compartments. For example, the inherent pharmacokinetic properties of a particular hapten and the affinity of 
an antibody for the hapten may result in the hapten binding so tightly to tne anti-hapten antibody so as to be 
indistir>guishable from covalentty bound antibody conjugates, or in thQ^hapten binding so loosely to the 
antHhapten antibody so as to be incapable of localization with the antibody at the disease site. Additionany. the 

20 inherent pharmacokinetic properties of a particular hapten may result in undesirable serum arnJ tissue 
interactk>ns such ttiat the accumulatkm of the hapten in the fiver, kklneys or intestines reaches Intolerable 
levels. In such cases, the biodistribution and localization of the hapten substantially limits the potential clinical 
value of the bffur>ctk>nal antit>ody delivery system. 

Accordingly, there exists a need to modify pharmacokinetic properties of various haptens for in vivo Imaging 

25 and therapy. Furtt>er. there exists a need for novel hapten derivatives that impart desired properties to 
antibody delivery systems for particular applications. The present invention meets these needs by providing 
novel hapten derTvatives with modified pharmacokinetics, as well as methods for modifying the 
pharmacokinetics of a given hapten. 
Surprisingly, haptens whk;h are useful as in vivo imaging and therapeutic agents can be derivatized to 

30 modify the inherent pharmacokinetic properties of the hapten. Accordingly, besides providing novel hapten 
derivatives, the present inventk>n provkles a method for modifying the pharmacoklnetk;s of a hapten as a 
radioimaging or radiotherapeutic agent whk:h comprises selecting a suitable hapten and an antibody capable 
of comptexing with the hapten. ar>d derivatizing the hapten to modify the dissociatton rate of the 
hapten-antitKXfy complex arxJ the interaction of the hapten with serum components and tissue compartments. 

35 thereby increasing or decreasing serum half-lrfe ar>d radiation doses to tissues. A predetermined effective 
dosage of the derivatized hapten arxJ the antibody are thereafter administered to a patient for purposes of 
imaging or therapy. 

Haptens whrch can t>e derivatized. in accorda/Ke with the present invention, are generally selected from 
complexes of a chelating agent and a metal ion. Preferably, the hapten selected for use in the invention is a 

40 me;aJ kx? complex of ethyienediaminetetracetic ackJ ("EDTA"). diethytenetriaminepentaacetk: acid (*DTPA"). 
1.4.7.10-tetraazacyciododecane-N.N'.N''.N--tetraacetic acid CDOTA"). 1, 5.9.1 3-tetraazacyclohexadecane- 
N.N'.N''.N''-tetrdacetk: ackl ("HETA'). 1.4.7.10.-tetraazacyck)tridecane-N.N',N".N'*-telraacetic acid (TRrTA") 
or 1.4,8.11-tetraazacyctotetradecane«N.N'.N''.N''-tetraacetic acid ("TETA") with the derivatized hapten being 
represented generally by Formula (I); 

45 p-Ri^H4-CH2-EDTA.M (I) 

S O 

wherein Rj is -NH-C-NH-R2, -C-NH-R2 , 

-KH-C-CHj -R2 , -NH-C-CH- -NH-Rj , 

^ H II 

0 0 

-NH-R2, -NH-C-NH-Rj, or -KH-C-CH2-S-R2; 
11 II 
O O 

R2 is hydrogen, an amino group. -OC+Y). -g-phenyl-CHa-Y. an unsubstituted Ci to C30 branched or straight 
chain alkyl group: a substituted Ci to Cao branched or straight chain aikyi, cycloaikyl. aryl or arylalkyi group, in 
which the substituents are one or more of any of: hydroxy. cart>oxy. - O, «- S, 
- C-O. -C-S 
60 I I 

-S-. -SR4. fluoro, chloro. bromo. kxJo. amino, nitro. -SO3H. -NHRa. -NHR4. -N(R3)2. -CONHR3. -COOR3. 'SO4. 
-PO4. phenyl. I>enzy1, imidazolo. or a group of the formulae: 
-NH- CJ - NHR3. -NH- (f -NH-R3. 
NH O 



2 
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-NH-|-NH-R3; 
wtierein 

R3 is hydrogen, a Ci to C30 straight or branched chain aJkyt group, 
-g-phenyl-Y, 

T- 

or a non-rcacti*/e functional group; 

Y is EDTA, OTPA. DOTA. HETA. TRITA or TETA; R4 is H or -CH2- C-NHRa; 

and. M is a metal ion. 

tn a preferred embodiment, compounds of Formula (la): 
e-Ri-C6H4CH2EDTA-M (la) 

wherein Ri is -NH- P-NHRa: 
O 



.U -NH-R2. or -NH-[l-CH2-R2: 

in which R2 is hydrogen; NH2; an unsubstrtuted C1-C30 branched or straight chain alkyi group; or a Ci-Cao 
branched or straight chain alkyl, cycloalkyl. ary! or arytalkyl group substituted by one or more substituents 
independently selected from the group consisting of: 

-OH; -COOH; -0; -S; -S-; -O; -F; -Br; -I; -NH2: -NO2; -SO3H; -NH-Rs; -CONHR3: -COOR3: -SO4: -PO4; 

phenyl; arKJ benzyl; ^ , . . 

Rs ts H; an alkyt group; or a non-reactive functional group; and M is a metal Ion, are useful as imaging or 

therapeutic agents. ^ ^ ^ , „w» 

Especially preferred compounds of the invention are those represented by Formula (IDJ: 
g-Ri-CsH^-CHa-EDTA-M <Ib) 

wherein Ri is -NH-C-NH-R2 , -NH-C-CH2-S-R2 , -^fH-C-CH2-R2 * 
11 II II 

o o o • 

-NH-R2, -NH-C-CH2-NH-R2, or -NH-C-NH-R2; 

II II 

o s 
R2 is -p-phenyl-CH2-Y. -OC-f Y). a substituted Ci to Cso branched or straight chain alkyl, cycloalkyl. aryi or 
arylaJkyI group, in which the substituents are one or more of any of: 
hydroxy. 

- C-0. - C-S, -SR*. -NHRs. -NHR4. -N(R3)2. imidazole, or a group of the formulae: 
-NH- C- NH-R3. -NH- C-NH-R3 

NH O 
or -NH-C-NH-R3; 
II 

wherein S 

R3 is -g-phenyl-CH2-Y, 
or-C-CH3: 

Y is EDTA. DTPA. DOTA. HETA. TRITA or TETA; 
R4 IS H or -CH2-{| -NHR3; 

O 

and. M is a metal ion. , e 

AdditionaDy. pharmaceutical formulations are provided which comprise a compound of Formula (I), Formula 
(la), or Formula (lb) associated wrth one or more pharmaceutically-acceptable caniers. diluents or exclpients 
therefor. The formulations may further comprise, separate from or in combination with a hapten of the 
invention, an antibody capable of complexing with the hapten. 

Further, the present invention provides methods for in vivo imaging and therapy which compnses 
administering to a patient, sequentially, simultaneously, or in combination, a predetermined effective dosage 
of a hapten of the invention, and a suitable anti-hapten antibody. 

The invention has been summarized in order that the detailed description that follows may be better 
understood and the contribution to the art may be better appreciated. 

As indicated above, the present Invention, in one aspect, provides a method for modifying the 
pharmacokinetk;s of a hapten as an 4n vivo radiolmaging or radlotherapeutic agent. The method comprises the 
selection of a hapten suitable for imaging or therapy and an antibody capable of complexing with the hapten, 
and the derivatizatlon of the hapten to modify the dissociation rate of the hapten-antibody complex and the 
interactton of the hapten with semm and tissue components, thereby increasing or decreasing serum hatf-life. 
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as desired. The derivatized hapten and the antibody arc administered to a patient in a predetermined effective 
dosage for imaging or therapy. Preferably, the biodistribution and localization of the derivatized hapten, and 
complexes of the derivatized hapten and the antibody, are enhanced depending upon the particular diagnostic 
or therapeutic purpose. 

« In the context of the present invention, the term "hapten" refers to a molecule capable of specific reactivity 
with an antibody, but incapable of stimulating an immune response by antibody production, except in 
combination with or as part of a carrier protein molecule. As used herein, the term "pharmacokinetics* refers 
to the change in the biodistribution of a molecule /er a period of time. The terms "biodistnbutlon" and 
"localization,* as used herein, refer to the distribution of a molecule within individual organs of an animal at 

JO given time points, and the amount or concentration of a molecule present In an organ, respectively. Further, 
the term •localization" implies the presence, in excess of the concentration due to blood levels, of a mo:ecule 
at a particular organ for a period of time as a result of the interaction between the molecule and tissue 
compartments. 

For purposes of the present invention, the hapten selected for use in the invention will generally depend 

/5 upon the chemical, biological and physiological properties of the hapten and the desired application of the 
invention. For example, the selection of a particular hapten will depend upon whether the hapten will be used 
as an imaging or therapeutic agent, and generally involves consideration of chemical properties, such as water 
solubility, biological oroperties such as the rate of clearance from particular tissues, and physiological 
properties, such as .he capability of binding to a receptor at a disease site, 

20 Haptens comprising chelate complexes of a metal ion and a chelating agent are generally selected for use in 
the invention. Preferred chelating agents of the invention are ethylenediamir>etetracetic acid ("EDTA"). 
diethylenetriaminepentaacetic acid ('DTPA-), DOTA. HETA. TRITA. TETA. and analogs thereof. EDTA. DTPA. 
and methods for preparing analogs and the starting materials for the compounds of the present invention are 
described in U.S. Patent No. 4.622,420. The methods for preparing DOTA, HETA. TRITA, TETA, and starting 

25 materials useful in the present invention are described in detail in U.S. Patent No. 4.678.667 (Meares. eUl.) and 
in f^oi. eral.. J. Am. Chem. Soc . 110 . 6266 (1988), the teachings of both of which are incorporated herein by 
reference. The EDTA and DTPA analogs disclosed in U.S. Pat. No. 4,622.420 are capable of forming 
physiologically stable chelates vwth a variety of metal ions. Likewise, the DOTA. HETA. TRITA, and TETA 
analogs described in U.S. Pat. No. 4,678.667 and Moi. et al . arc capable of forming physiologically stable 

30 chelates with various metal ions. 

As used in Formulae (I), (la), and (lb). "M". when referring to a metal ion means a metal atom in ionic form 
without particular reference to possible valences. The particular valence of the ion. as one skilled in the are will 
recognize, depends on the particular metal in question. Thus, the term 'M" is not meant to limit the metal Ion to 
any particular state of valency. The preferred metal ions, as indicated below, however, are s^Y^* and ^^Mn^*. 

35 Preferred for use in the present invention are haptens that form chelate complexes with metal ions generally 
selected from indium-Ill C'^Mn"). technetium-99m ("»^c"). copper-67 ("•'Cu") gallium-67 C^'Ga') and 
yttrium-90 C^^Y'). The metal ion ^ ^ Mn is generally preferred for diagnostic application, i.e. imaging, while ^^Y is 
generally preferred for therapeutic application. Additionally, the selection of a suitable metal ion may involve 
consideration of the affinity the metal complex has for the anti-hapten antibody utilized in the invention as 

40 different metal complexes exhibit different affinities for certain antl-hapten antibodies. 

The compounds of the invention having designations DB-I to DB-Vlll are partlcularty useful in overcoming 
these latter difficulties associated with an antl-hapten antibody showing different affinities for different metal 
complexes. These particular haptens of the invention possess a unique "dumbbell" shape (thus, the 
designation "OB") with two separate moieties capable of chelating metal Ions used in the invention. For 

45 example, the DTPA moiety could complex, for example. » ^ ^ In. the preferred metal ion for diagnostic purposes. 
Once the diagnostic procedure is complete, the same hapten can be used to complex, at the DTPA moiety, a 
metal ion. for example, ^OY, useful for therapeutic applications. Thus, the problem of different anti-hapten 
antibody affinities for different hapten-metal ion complexes could be alleviated or overcome. A single hapten 
could be used for both diagnostic and therapeutic applications. 

50 The preferred haptens of the invention comprise benzyl EDTA derivatives. Such haptens contain structural 
moieties that can conveniently complex a variety of metal ions, including ^'Mn and ^^Y for the desired 
diagnostic or therapeutic application. Benzyl EDTA. analogs thereof, and methods for their preparation are 
described in U.S. Pat. No. 4,622.420. In accordance with the invention, such haptens arc Jerivatized to have a 
structure represented by Formula (I): 

55 e-Ri"C6H4-CH2-EDTA-M ^(1) ^ ^ 

II 11 II 

wherein Ri is -NH-C-NH-R2. -NH-C-NH-Rj , -C-NH-Rj , 
-NH-C-CH2 -R2 # -NH-C-CHj -KH-R2 , 

II II 
60 0 0 

-KH-R2 or -NH-C-CH2-'S-R2; 
II 
0 

R2 is hydrogen, an amino group. -OC+Y). -g-phenyl-CHj-Y. an unsubstituted Ci to C30 branched or straight 
65 chain alky! group: a substituted Ci to C30 branched or straight chain alkyl. cycloalkyl. aryl or arylalkyi group, in 



4 
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which the substituents are one or more of any of: 
hydroxy, carboxy, -O, -S. 
-C-0. -C-S 
I 1 

-S-. -SR4. nuoro. chloro, bromo. iodo. amino, nitro. -SO3H, -NHR3. -NHR4, -N(R3)2. -CONHR3, -COORo, -804, 
-PO4. phenyl, benzyl, imidazolo. or a group of the formulae: 
-NH- C- NH-R3. -NH-C-NH-R3. 
KH 

-NH-C-NH-R3: 
S 

wherein 

R3 is hydrogen, a Ci to C30 straight or branched chain alkyt group, 
-p-phenyl-CH2-Y, 

or a non-reactive functional group; 

Y is EDTA, DTPA, DOTA, HETA. TRITA or TETA; 

fl4 is H or -CH2-C.NHR3: 

!i 

and. M is a metai ion. 

Preferred compounds of the invention are represented by Formula (la): 
£-Ri-C6H4CH2EOTA-M (la) 

wherein Ri is -NH-f-NHRa; 
Q O 

- C -NH-R2. or -NH- C-CH2-R2: in which R2 is hydrogen; NH2; an unsubstituted C1-C30 branched or straight 
chain alkyi group; or a C1-C30 branched or straight chain alkyl, cycloalkyl. aryl or arytalkyi group substituted by 
one or more substituents independently selected from the group consisting of: 

-OH; -COOH; -O; «S: -S-: -CI; -F; -Br; -1; .NH2; -NOa: -SO3H: -NH-Rs; -CONHR3; -COOR3: -SO4; -PO4: 

phenyl; and benzyl; 

R3 is H: an alkyl group; or a non-reactive functional group: and M is a metal ion. 

Additionally. R2 may further comprise non-reactive functional groups which may include substituents that 
exhibit specific tissue interactions, e.g.. amino acids, polypeptides, nucleotides, polynucleotides, carbohy- 
drates or lipids. As used for Bz and Rs. the term 'non-reactive functional group' refers to a functional group 
incapable of forming a covalent bond with tissue or serum components, and the anti-hapten antibody utilized, 
under physiological conditions. 

Especially preferred compounds of the invention are those represented by Formula (lb): 
£-Ri -Ce -CH2 -EDTA- M ( lb ) 



wherein Ri is -mi-C-NH-Rj , -NH-C-CH2-S-R2 , -NH-C-CH2-R2 , 

!i II II 

0 0 0 

-NH-R2, -NH-C-CHj-NH-Rz, or -NH-C-NH-Rj ; 
II II 
O S 
R2 is -g-phenyl-CH2-Y. -OC-t-Y). a substituted Ci to C30 branched or straight chain alkyl. cycloalkyl, aryl or 
aryialkyi group, in which the substituents are one or more of any of: 
hydroxy. I I 

~C=0, -C=S, -SR4, -NHR3, 
-NHRh, -N(R3)2, or 
a group of the formulae: 

-NH-C-mi-Ra, -NH-C-NH-R3, -KH-C-NH-R3; 

II 11 il 

NH 0 S 

wherein 

R3 is -g-phenyi-CH2-Y, 
or - |-CH3: 

Y is EDTA. DTPA. DOTA. HETA. TRITA or TETA; 
R4 is H or -CH2-<J-NHR3: 

and. M is a metal ion. 

In one embodiment, preferred compounds of the invention are p-thioureidobenzyl EDTA derivatives or 
analogs thereof, which are derived from isothiocyanatobenry! EDTA. Isothiocyanatobenzyl EDTA and 
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W 



tS 



20 



isothiocyanatobenzyl DTPA. analogs thereof, and mclhods for their preparation are described in U.S. Patent 
No. 4.622.420. Such preferred haptens of the invention, have a structure represented by the following formula: 

e-R2-I^H- \ -NH-C6H4-CH2-EDTA-M ^ 

wherein R2 is hydrogen: NH2: an unsubstituted Ci-Cis branched or straight chain alkyi group: or a Ci-Cia 

branched or straight chain all<yl. cycloalkyl. aryl or arylaJkyI group, substituted by one or more substltuents 

independently selected from the group consisting of: 

-OH: -NH2: -COOH: -CONH2: phenyl: benzyl: -SO3H: and -NO2: and 

M is a metal ion. 

In addition. R2 may further comprise non-reactive functional groups including substltuents that may exhibit 
specific tissue interactions, e.g.. amino acids, polypeptides, nucleotides, polynucleotides, carbohydrates, or 

lipids. 

In Formulae (I) and (lb), the designation -OC-(- Y) is meant to relate to one skilled in the art that the moiety 
"V. as defined in the formulae, is linked to the adjacent portion of the molecule through one of the carboxy 
groups of the Y moiety. On the other hand, the designation -Y. alone, is meant to indicate that the Y moiety Is 
linked to the adjacent portion of the molecule through one of the methylone (-CH2) groups present on Y 

moiety. 

The structures of a series of novel derivatized haptens which are preferred for use In the Invention are 
shown in Table 1. The abbreviations set lorlh in Table I will be used later to refer to these novel haptens. 



25 



TABLE I 

DERIVATIZED HAPTENS OF THE INVENTTnw 



30 



£-R2 -NH-C-NH-C6H4 -CH2 -EDTA-M 
II 
S 



35 



40 



45 



50 



55 



60 



-H 

""CHjj CH3 

-(CH2 )3CH3 
-(CH2 )7CH3 
-CH2 CH2OH 
-CH2 CH2NH2 

-CsHs 
-CH2 CgHs 

-4-(C6H4 )CH2C02H 

-(CH2)2C02H 

-(CH2)3C02H 

- ( CH2 ) 4 CH ( NHCOCH3 ) CONH2 
-(CH2 )2NHCO(CH2 )3C02H 
-C6H4-CH2-DTPA 

-CH2 CH2 -NHC ( =S )NH-C6 H4 -CHj DTPA 
- ( CH2 ) 4 -NHC ( =S )NH-C6H4 -CH2DTPA 



HAPTEN 
ABBREVIATION 
TUBE 

ETUBE 

BUTUBE 

OTUBE 

EOTUBE 

NUBE 

PHTUBE 

BETUBE 

PHATUBE 

PATUBE 

BATUBE 

BALTUBE 

GNUBE 

DB-III 

DB-IV 

DB-V 



65 
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Additionally preferred compounds of the Invention are those provided in Table II: 
Table It 

X-CH2-(C - 0)-NH-C6H4-CH2-EDTA-M 

X ABBREVIATION 

-S(CH2)4SCH2(C-0)- DB-I 
NHC6H4CH2DTPA 

-SCH2CH(OH)CH(OH)- DB-II 
CHiGCH2(C-0)NHC6- 
H4CH2WTPA 

-NH-C6H4-C! 12-DTPA DB-VI 

-NHCH2CH(OH)CH2N- DB-VIII 
HCH2(C-0)NHC«H4C- 
H2DTPA 



Those skilled in the art will recognize that because the pharmacokinetic criteria for imaging and therapeutic 
agents may differ, the series of novel derivatlzed haptens provided by the Invention permits the selection of 
haptens having desirable pharmacokinetics for a particular application of the Invention. For example a 
particular derivatlzed hapten may be desirable as a therapeutic agent because of its ability to accumulate at a 
disease site but may be undesirable as an imaging agent because of Its Inability to clear rapidly from 
circulation. Additionally, those skilled In the art will appreciate that the present invention is not limited to the 
specific derivatlzed haptens set forth in Tables I or M. The present invention contemplates therefore 
modifications to the structures of the novel derivatized haptens specifically disclosed, provided such 
structural modifications are intended to modify the inherent pharmacokinetic properties of these haptens for 
purposes of imaging or therapy. 

In accordance with the invention, the derivatizalion of s hapten to modify the dissociation rate of the 
hapten-antibody complex, and the interaction of the hapten with serum and tissue components, can be 
accomplished by standard procedures well-known in the art. For example, hapten structure can be modified 
by derivatizalion of the aromatic amine in (S)-4-aminobenzyl EDTA by acylatlon, alkylatlon. Schiff's base 
formation (which may or may not be followed by reduction to the amine), conversion to a reactive isocyanate 
and subsequent conversion to a substiruted urea conversion to a sulfonamide or diazotlzatlon and 
subsequent reaction with a nucleophile. These reactions can be accomplished with compounds containing 
simple aliphatic chains, or branched chains, or aromatic or heterocyclic compounds which may or may not 
contain functional groups. (See, e.g.. March. J. Advanced Organic Chemistry . John Wiley & Sons. New York. 
(1985)). Additionally, in accordance with the invention, the structure of a hapten is preferably modified to 
enhance the biodistribution and localization of the hapten for a particular application of the invention. Further, 
it will be understood that haptens derivatized in accordance with the present invention retain the ability to bind 
the anti-hapten antibody selected for use. 

The preferred haptens of the invention represented by Formulae (I), (la), and (lb) are prepared using 
standard synthetic methods familiar to one skilled in the art. For example, the. preferred thiourea-type 
compounds of the invention are prepared by reacting a precursor isothlocyanate compound with an amine. 
The most useful isothiocyanates for purposes of the present invention are isothlocyanatobenzyl EDTA 
("ITCBE') and isothlocyanatobenzyl DTPA (TTCBD"), both of which are prepared according to the teachings 
of U.S. Patent No. 4,622.420. incorporated herein by reference. Thus, one skilled in the art determines which 
compound of the invention to prepare and then reacts one, or possibly both, of ITCBE or ITCBD with the 
necessary amine compound(s) to obtain the desired structure. Likewise, to prepare the corresponding 
macrocyclic polyamtne derivatives of the invention, the corresponding isothlocyanate derivatives of DOTA. 
HETA. TRITA. and TETA are described In U.S. Pal. NO. 4.678.667. the teachings of which are incorporated 
herein by reference. The preparation of HETA. DOTA. TRITA and TETA also are disclosed in U.S. Pat. 
No. 4.678.667. An improved synthesis of DOTA is described In Moi, et al .. J. Am. Chem. Soc . 110 . 6266 (1968). 
The corresponding isothlocyanate compounds useful as starting materials in the present Invention are 
prepared In a manner completely analogous to the preparation of ITCBD and ITCBE. 

To prepare the amide-type compounds of the invention, two starting materials are particularly useful: 
2-bromoacetamidobenzyl EDTA ("BABE') and g-bromoacetamidobenzyl DTPA ("BABD"). These compounds 
are prepared according to the teachings of DeReimer. et al .. J. l^b. Comp. and Radiopharm. . 18, 1517 (1981) 
and U.S. Patent No. 4.622.420. The corresponding bromoacetamido-derivatives for HETA, DOTA*, TRfTA. and 
TETA are prepared in a manner completely analogous to the preparation of BABE and BABD. The preparation 
of these starting materials is described in U.S. Pat. No. 4.678.667, Incorporated herein by reference. The 
alpha-bromo moiety of these compounds renders the adjacent methylene moiety particularly susceptible to 
nucleophilic attack from groups such as free sulthydryl or amino groups. Thus, to prepare the desired 
compound of the Invention, one needs only to determine the appropriate intermediate R2 moiety of Formulae 
(I), (la), or (lb) and react it with the required starting material(s). 
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Typicalty. the desired compounds of the invention are prepared in aqueous buffer solutions at pH levels from 
about 6 to about 12. Prefen-ed pH ranges are from about 8 to about 11. The progress of the reaction can be 
monitored easily using HPLC. The temperature is not crucial but preferably the reaction Is run at temperatures 
from about 0' C. lo about 60° C. preferably from about 20* C. to about 40" C. 
5 The product obtained from the reaction can be purified using standard chromatography techniques. The 
preferred separation method involves anion-exchange chromatography using, for example, a DEAH Sephadex 
A-25 resin (Pharmacia Fine Chemicals) or an AG-1X8, formate column (BioRad Latx)ratories. Richmond 
California). Of course, those skilled in the art will recognize other equatty useful means for purification of the 
final products. 

10 In addition, it will be recognized that nr^any compounds of the present invention contain basic and acidic 
groups which are capable of forming pharmaceuticaily-acceptable acid or base addition salts. For example, 
those compounds which contain a free carboxyl group are able to react with alkaline earth metal bases, for 
example, sodium bicarbonate, sodium hydroxide, potassium carbonate, potassium bk:arbor>ate, potassium 
hydroxide, calcium hydroxide, etc.. to form pharmaceutically-acceptable salts which also arc useful in the 

15 invention. Likewise, free amino groups present in the molecule are capable of reacting with acidic reagents to 
form the corresponding acid addition salts. For example, an amino-containir)g compound of the Invention 
could be reacted with acids such as hydrochloric, sulfuric, tartaric, tactic, nitric, etc., to prepare the 
corresponding salt. "Pharmaceutically-acceptable* in this context refers to those salt forms which are useful In 
the treatment or diagnosis of a warm-blooded animal. Consequently, pharmaceutically-acceptable salt forms 

20 of appropriate compounds are also encompassed by the invention. 

Although the methods described here and further elaborated in the accompanying non-limiting examples 
are the presently preferred method for preparing the compounds of the invention, one skilled In the art will 
recognize other means which may work equally as well. Thus, the methods provided for preparing com pounds 
of Formulae (I), (la), or (lb) are not to be construed as limiting on the means for preparing the desired 

25 compound. Other equally-acceptable means for preparing the compounds of may be available and are meant 
to be encompassed by the present invention. 
Thus, in another aspect of the invention there is provided a process for preparing a compound of Formula 

£-Ri-C6H4-CH2-EDTA-M (I) 
S 0 
^ II 11 

wherein Rj is -KH-C-NH-Rj, -NH-C-NH-Rj, 
-NH-C-CHj -R2 , -NH-C-CHj -NH-R2 , 

!l tl 
o o 

35 or -NH-C-CH2-S-R2; 

11 
o 

R2 is hydrogen, an amino group. -£-phenyl-CH2-Y. an unsubstituted Ci to Cao branched or straight chain alkyi 
group; a substituted Ci to Cao branched or straight chain alkyl. cycloalkyi, aryl or arylalkyi group, in which the 
40 substituents are one or more of any of: 
hydroxy, carboxy, -0. -S, 
-C-O. -C-S 
I I 

-S% -SR4. fluoro. chloro. bromo. iodo. amino, nitro. -SO3H. -NHR3. -NHR4. -N(R3)2. -CONHR3. -COORa. -SO4. 
45 -PO4. phenyl, benzyl, imidazole, or agroup of the formulae: -NH- C- NH-Rs. -NH-C-NH-R3. 

• NH H 

or -NH -C-NH-R3: 
tl 
S 

wherein 

50 R3 is hydrogen, a Ci to C30 straight or branched chain alkyl group. 
-p-phenyl-CH2-Y. 
-C-CH3. 

or a non-reactive functional group; 
55 Y is EDTA. DTPA. DOTA. HETA. TRITA or TETA; 
R4 is H or -CH2-g-NHR3; 

and. M is a metal ion. 
which comprises. 

60 (A) in the case in which R 1 is -NH(C - S)NH-R2. -NH(C - 0)NH-R2. 

(1) reading isothiocyanalobenzyl EDTA. or isocyanatobenzyl EDTA. as appropriate, or a metal 
chelate thereof, with a compound of the formula HjN-Rs. in which R2 is as described above; or. 

(2) reacting a compound of the formula R2-N-C-S. R2-N-.C-S. as appropriate, or a metal 
chelate thereof, with a compound of the formula: EDTA-CH2-C6H4-(NH(C - S)NH)m-(X)ft-NH2. or 

65 EDTA-CH2-C6H4-(NH(C « 0)NH)m-(X)n-NH2 
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or a metal chelate thereof, in which X is a Ci to C30 branchod or straight chain alkyl. aryl or arylalkyi 
group optionally substituted with one or more of the substituents allowed In the definition of R2 
above, and n and m. independently, are 0 or 1 ; 

(B) if Rt is -NH(C-0)CH2-S-R2. reacting g-bromoacetamidobenzyl-EDTA ("BABE"), or a metal 
chelate thereof, with a compound of the formula HS-R2. in which R2 is as defined above: ' 5 

(C) if Rt is •NH(C-0)CH2.NH-R2. reacting g-bromoacetamidobenzyl EDTA {"BABE" J with a 
compound of the formula H2N-R2. in which R2 is as defined above; or, if Ri is -NH{C - 0)CH2-NH-R2 in 
which a substituent of R2 is NHR4, reacting o-bromoacetamidobenzyl-Y. in which Y is EDTA. DTPA 
DOTA, HETA. TRiTA or TETA; or a metal chela. - ihereof. with a compound of the formula: 

EDTA.CH2.C6H4-NH(C-0)CH2-NH.X-NH2. . jq 
or a metal chelate Ihereof. in which X is a Ci to C30 branched or straight chain alkyl, aryl. or arylalkyi group 
optionally substituted with one or more of the substituents allowed in the definition of R2. above: and, 

(D) If desired, salifying or preparing the metal chelate of the product obtained. 

For purpose*; of the present invention, the antibodies selected for use are anti-hapten antibodies capable of 
specifically binding and complexing with the hapten selected for use. It will be appreciated by those skilled in is 
the art that the same antibody can be utilized to complex with a hapten of the invention which may contain a 
broad range of functional groups. 

Preferred for use in the invention are monoclonal antibodies, particularly monoclonal antibodies exhibiting 
the ability to bind preferentially to chelate complexes, said complexes comprising a specific metal Ion and a 
chelating agent, e^. complexes of "'In and benzyl EDTA derivatives of the invention. Such monoclonal 20 
antibodies and methods for the preparation are described in U.S. Pat. No. 4.722.892. the disclosure of which is 
incorporated by reference. However, those skilled in the art will appreciate that monoclo.ic: 01 polyclonal 
antibodies may be utilized in the invention provkJed the antibodies selected exhibit the requisite specificity for 
the hapten selected for use. Methods for the preparation of monoclonal and polyclonal anti bodies are now 
quite well known in the art. See. e.g.. Kohler. G. and Milstein. C. Nature 256. 495 (1975). 2s 

Particularly preferred for use in the invention are bifunctional monoclonal antibodies having a dual 
specificity, with one or more binding sites for a hapten of the invention and one or more binding sites for a 
disease site, a tumor target. Because such bifunctional antibodies have specificity for the hapten as well 
as for a disease site, they are capable of functioning both as carriers for the hapten and as disease 
site-associated receptors. Such bifunctional antibodies, therefore, provide an effective mechanism for the 30 
site -directed delivery and localization of the derivati^ed hapten to the disease site. The disease sites which 
such bifunctional antibodies recognize may be. for example, tumor-associated antigens such as 
alpha-fetoprotein ("AFP"), carcinoembryonic antigen ("CEA"). human choriogonadotrcpin ("HCG"). prostatic 
acid phosphatase ("PAP"), prostate specific antigen ("PSA*), ferritin, bombesin, melanoma-associated 
antigens p97 and gp240. or milk fat globulins. Alternatively, the disease-sites for which such bifunctional 35 
antibodies are specific may be. for example, sites of infection or thrombosis. Bifunctional antibodies and 
methods for their preparation are described in European Patent Publication 1053G0. the disclosure of which is 
incorporated by reference. The preparation of bifunctional antibodies may be accomplished biologically, for 
example, by cell fusion techniques to produce polydomas. or chemically, by synthetic techniques, all of which 
now are well-known in the art. See. for example. U.S. Pat. Nos. 4.470.925 and U.S. 4.444.878. 40 

In certain applications of the Invention, human monoclonal antibodies, particularly human bifunctional 
antibodies, having the requisite hapten-binding specificity are preferred. Human monoclonal antibodies can be 
prepared by techniques well known in the art and are produced by .hybridomas which are. for example, the 
fusion product of a human B-lymphocyte with a human or or mouse myeloma cell line. Human bifunctional 
antibodies can also be prepared by conventional techniques known in the art. See. Human Hybridomas and 45 
Monoclonal Antibodies , edited by E.G. Engleman, S.K. Foung, J. Urrick and A. Raubitscheck. Plenum Press. 
New York (1985), 

Also preferred for use in certain applications of the invention are chimeric monoclonal antibodies capable of 
complexing with the hapten selected for use. Chimeric antibodies are generally comprised of a variable region, 
i.e. binding region, derived from one mammalian species, e.g.. mouse, and a constant region derived from a 50 
second and different mammalian species, e^ human. Murine/human chimeric antibodies will be beneficial in 
certain applications o* the invention because such antibodies are expected to retain the specificity and affinity 
of murine antibodies while being substantially less immunogenic. Such murine/human chimeric antibodies, 
which may be the product of fused immunoglobulin genes, can be prepared by recombinant DNA and gene 
transfection techniques well-known in the art. 55 

See. for example. European Patent Publication 173494 and WO 86/01533. Chimeric monoclonal antibodies 
which are bifunctional are parlicularty preferred for use in certain applications of the invention. The chimeric 
bifunctional antibodies useful in the invention may be the product of fused immunoglobulin genes encoding for 
variable region specificity both for the hapten selected for use and a disease site. e^. tumor target. Such 
antibodies may be able to be prepared by conventional recombinant DNA and gene transfection techniques. 60 
See. for example. European Patent Publication 012507. In addition, synlhetk: chimeric, bifunctional. or 
chimerlc-bifunclional antibodies can be prepared from antibody half-molecules, or fragments thereof, 
cross-linked with a bifunctional cross-linking agent such as bis-(maIeimido)-methyl ether CBMME"), or other 
such crosslinking agents familiar to those skilled in the art. 

Also, encompassed by the term 'chimeric antibody", whether in reference to chimeric antibodies per se . 65 
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croijs-iinked chrmer.c antibodies, or chimeric-bifunctional antibodies, is the concept of "humanized antibody" 
that IS those antibod.es in which the framework or complementarity determining regions CCDR") have been 
modified 0 comprise the COR of an immunoglobulin of different specificity as compared to that of the parent 
immunoglobulin. In a preferred embodiment, a murine CDR is grafted into the framework region of a human 
antibody to prepare the humanized antibody-. Particularry preferred COR's correspond to those representinq 
sequences recognizing the antigens noted above for the chimeric and bitunclional antibodies. The reader is 

rnp'l HT H '"^^K 'l? EP A 0 239 400 (Sept. 30. 1987). incorporated herein by reference, for its teaching of 
CDR modified antibodies. 

In addition, the invention encompasses vyithin its : spe immunoglobulins or immunoglobulin fragments to 

Ihh^" "^nM *** ^V-^y- ^ <«scl«»"« of such products is incorporated herein by Tif^rence. 

Additionally, those skilled in the an will recognize that the present invention encompasses in any of the 
previously descnbed antibody formats the use of antibody fragments including Fab. Fab' and Flab)', 
fragments, or any other antibody fragment retaining the essential binding function of the antibody selected for 
use However, it will be recognized that in those utilities of the invention requiring bifunctional antibodies Fab 
or Fab fragments may only be suitably utilized if the haptens of the invention have some specificity of their 
own. Antibody fragments can be prepared by proteolytic enzyme digestion, for example, by pepsin or papain 
digestion, reductive alkylatlon. or recombinant techniques, all of which are well-known in the art. See. Nisonotf 
A.. Molecular Inrtmunojogy. Sinauer Aasociales, Massachusetts (1982). Those skilled in the~5rt will also 
appreciate that in ceilain applications of the invention it may be beneficial to use a mixture of two or more 
antibodies or fragments thereof, or mixtures of antibody fragments with whole antibody 

Further. It will be understood by those skilled in the art that for certain applications of the invention it may be 
beneficial to select a high affinity antibody, while in other applications of the inventton the selection of a low 
alfinity antibody -Mil be advantageous. Accordir-gly. the present invention includes the selection of antibodies 
which may be characterized as having hiqh or low affinity for the hapten selected for use. and in the case of 
bifunctional antiljodies, high or low affinity for a disease site. 

In accordance with the invention, the derivatized hapten and anti-hapten antibody can be administered to 
the patient sequentially, simultaneously, or in combination as a complex for purposes of in vivo imaoinq or 
therapy. " ■ " ' 

In preferred methods of the invention, in which the anti-hapten antibody selected for use is a bifunctional 
antibody, the hapten of the invention and the antibody are administered separately. Preferably, the antibody is 
administered and permitted to distribute itself throughout the patient prior to administration of the derivatized 
hapten. After sufficient time has elapsed to permit localization of the bifunctional antibody at the disease site 
the derivatized hapten is administered to the patient. The derivatized hapten can be administered in multiple 
doses over a period of time or by slow infusion. The derivatized hapten antibody complex is thereafter formed 
ifvjm^o and the diagnostic or therapeutic effect can be observed. Such methods are desirable for applications 
of the invention in which the bifunctional antibody selected for use requires a relatively long period of time for 
localization at disease sites, or the derivatized hapten has a relatively short serum half.|ife or a relatively short 
isotope half-life. ' 

in an additionally preferred method of the invention, a first bifunctional anti-hapten antibody is selected for 
use and administered to the patient followed, after a period of time, by administration of a mixture of the 
derivatized hapten and a second carrier anti-hapten antibody. The derivatized hapten and second carrier 
antibody are administered to the patient after sufficient time has elapsed to pernilt tocalization of the first 
bifunctional antibody at the disease site. The second carrier antibody permits, in effect, transfer of the 
derivatized hapten to the prelocalized bifunctional antibody at the disease site. The administration of the 
derivatized hapten with a second carrier antibody may be required in certain applications of the invention in 
which the concentration of circulating bifunctional antibody is insufficient to bind the derivatized hapten for 
delivery to the disease site prior to clearance of the hapten from circulation. 

Alternatively, the derivatized hapten and the antibody can be administered to the patient as a mixture. 
Accordingly, the derivatized hapten and the antibody can be combined in vitro to permit the formation of 
derivatized hapten-antibody complexes prior to administration to the piSiSmT After administration of the 
complexes to the patient, the desired diagnostic or therapeutic effect can be observed 

Administration of the derivatized hapten and the antibody, whether administered separately or as a mixture 
can be accomplished by intravenous, intraperitoneal, intra-lymphatic. subcutaneous or intra-muscular 
injection. 

As indicated above, the novel derivatized haptens provided by the invention are useful in compositions for in 
v|vo imaging and therapy. Thus, in an additional embodiment of the invention, compositions are provided for IS 
vwo imaging and therapy comprising a hapten wherein the hapten is derivatized to modify the dissociation rati 
of a hapten-antibody complex and the interaction of the hapten with serum components and tissue 
compartments, thereby increasing or decreasing senjm half-life and radiation doses to tissues. Accordingly 
the pharmacokinetics of the compositions of the invention are modified for purposes of imaging and therapy! 
Preferably, the biodislnbution and localization of the compositions of the Invention are enhanced as compared 
o compositions comprising unmodified haptens. More specifically, the enhanced biodistribution and 
^^T.TJ^^ \ compositions of the inventton result in an Increased and more rapid accumulation of the 
derivatized hapten a. the disease site, and improved clearance of the derivatized hapten from normal tissues. 



10 



EP 0 327 365 A2 



Preferred for use in the compositions of the present invention are derlvatized haptens having struc tures as 
previousty descnbed. Especially preferred are the series of novel hapten derivatives set forth in Tables I and II 
above. As previously indicated, the series of novel hapten derivatives provided by the Invention permits the 
selection of haptens most desirable for particular applications of the invention 

The compositions of the present invention may further comprise an antibody capable of complexing with the 
hapten preferably a monoclonal antibody. Particularty preferred for use in the compositions of the invention 
are brfunctional antibodies having haplen-binding specificity as well as specificity for a disease site 
Additionally, compositions comprising human antibodies or chimeric antibodies are particularty preferred In 
certain applications of the invention. Further, those skillef ) the art will appreciate that the compositions of 
the invention may be comprised of antibody fragments or mixtures of antibodies or fragments thereof, as 
oescnoeu earner. 

In further embodiments of the invention, methods are provided for In vivo imaging and therapy which 
comprise administering to a patient a predetermined effective dosage of iuFSpTen. derivatlzed in accordance 
with the invention, and an antibody, or antibody fragment, capable of complexing with the hapten. The 
derivatized hapten and anti-hapten antibody, which may be administered sequentially, simultaneously or as a 
complex, are prepared preferably for use in formulations suitable for Injection. 

Thus, the invention also provides pharmaceutical fomiulatlons. comprising a compound of Formula (I) (la) 
or (lb), associated with one or more pharmaceutically-acceptable carriers, diluents, or exciplents therefor As 
those skilled in the art will recognize. 'pharmaceuticaWy-acceptable- refers to those carriers diluents or 
excipients recognized as useful In the diagnosis or therapy of a warm-blooded animal 

Such formulations are preferably in unit dosage form, each dosage containing, for example, from about 10 
picomols to about 10 millimols of the desired hapten. Preferred formulations contain from about 100 picomols 
to about 1 micromol of the derivatized hapten. The novel derivatized haptens and antl-hapten antibodies are 
effective over a wide dosage range depending upon factors such as the disease state involved the antigen 
density at the disease site, the hapten-antlbody affinity, the extent of non-specific binding interactions the 
manner of administration and the condition of the patient. 

Figure 1 : represents the tumor uptake at 24 and 48 hours of the derivatized haptens shown in Table I in 
a pre-mix protocol. 

Figure 2: respesents the tumor to blood ratios at 24 and 48 hours of the derivatized haptens shown in 
Table I in a pre-mix protocol. 

Figure 3: represents the biodistributions (percent dose/gram organ) at 4 hours for the derivatized 
haptens EOTUBE. TUBE, NUBE and PHATUBE in a prelocalization protocol. 

Figure 4: represents the biodistributions (percent dose/gram organ) at 24 hours for the derivatized 
haptens EOTUBE. TUBE. NUBE. and PHATUBE in a prelocalization protocol. 

Figure 5: represents the biodistributions (percent dose/gram organ) at 48 hours for the derivatized 
haptens EOTUBE. TUBE. NUBE and PHATUBE in a prelocalization protocol. 

Figure 6: represents the tumor to organ ratios at 4 hours for the derivatized haptens EOTUBE TUBE 
NUBE and PHATUBE in a prelocalization protocol. 

Figure 7: represents the tun>or to organ rptios at 24 hours for the derivatized haptens EOTUBE TUBE 
NUBE and PHATUBE In a prelocalization protocol. 

Figure 8: represents the tumor to organ ratios at 48 hours for the derivatized haptens EOTUBE TUBE 
NUBE and PHATUBE in a prelocalization protocol. 
The following non-limiting examples are provided to further illustrate the invention. 



EXAMPLES 

The molecule used in some of the examples to prepare the novel hapten derivatives of the Invention was 
isolhiocyanatobenzyl EDTA CITCBE-). the structure of which Is shown below 
g-S -i C - N-C6H4-CH2EDTA 

Also used as a starting material in the examples is -ITCBD". isolhiocyanatobenzyl DTPA, the structure of which 

is shown below: 

£-S - 0 - N-C6H4-CH2-DTPA. 

Unless stated otherwise, for in vitro and in vivo characterization, indium complexes of the novel hapten 
derivatives of the invention were used. For in vitro characterization, the monoclonal antibody, designated as 
CHA255 and having specificity for the indium complex of benzyl EDTA. was used. However, as one skilled In 
the art would appreciate, alternative antibodies having specificity for indium benzyl EDTA complexes may be 
prepared and used Interchangeably with CHA255. 

For in vivo characterization, a bifunctional antibody was used in conjunction vnXh the novel hapten 
derivatives of the invention. The bifunctional antibody used, designated as ECH037.2, has a dual specificity for 
carcinoembryonic antigen (CEA) and the indium complex of benzyl EDTA. Those skilled In the art will 
appreciate, however, that alternative antibodies having specificity for CEA and Indium benryl EDTA complexes 
may be utilized and interchanged with ECH037.2. 
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HAPTEN DERIVATgATION 



A Syntheses o< Hapten Denvatn«.s of he nvent.on ^^^^ Glassware was 

»0 All glassware and plasticware usea .n in« »y;"'"*«»*^f'*='™ nj.ric acids) and plastlcware was 
washed with mixed acids (equal volumes of ~"«"«'«'^^^'"""'^^^ 

washed in 6M HCI. Both were rinsed exhaustively w.th d«'<?"^;<l '^'^^^ ,gs,3,h^,y o, at least 15 

■ Wisconsin) and were used without '""her PuriflMtton^ ,sothlocyanatobenzyl EDTA CITCBE-) as 

solution at 40** C. ^ur^m^tftrtrflnhv on either AG-1x8. formate form (BioRad 

Products were purified by 
Laboratories. Richmond. CA) or DEAE Sephadox A-25 ( ' '^-,gj.tor Fluorescamine (Kluram®. 

Sweden). Columns were monitored at 280 nm on « IJ^^ Jf^fJ^f^mfner^^^ to be tested was 

Soffman-l^Roche. Nu.ley, N.J.) was '^^^^^^^ o 2 M soSum bS. pH 9.5 and 0.25 

spotted on Whatman 4 filter paper and then ^^'•"^"'l^'^^'P,"'^^^^ of an amine, was detected by 

mg/ml fluorescamine in acetonitrile. ''^^^'f^'^'^''^'''^^^^^^^^ 

illuminating the sample with a short wave-length UV lamp. ]^SlS^^^^llTn799^B OD opt 552). Starting 
1090 liquid chromatograph with a m.crobore fj' ^JJ^^^^^ '1*^ g 0 A linear gradient from 

buffer was aqueous 50 mM '"^'^V'*'"'"*'"'""' ir^ow rafe was kept cons at 0.4 ml/minute and 

roSn^ru:rrrio"2;^a^^^^^^^^ 

5.3 minutes. yi 300 300 MHz instrument with multinuclear capabilities. 

MMQ cnpctra ware obla ned on a Vanan model XL-Juu ouu wnz '"^""'"^ 
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"iTss^cated othen^ise. labeling of the ^^P- ^^^^^^^^^^^ ^iSLlJaTSL^^^^^^^^ 
90Y3. were performed In the following manner: The hapten to be labeled is pre^^^^^ ^ 

in 25 mg/ml glycine. pH 4.5-6.5. '"In^' labelu^g is X^^^lLlf ^e cl^^^^^r.^ and allowd to 
glycine. Equal volumes of the >'«P'«"/,^'"''.»r*"'^ ' '^i*''^ is neutralized by adding 0.22 M 

stand at room temperature tor at least 10 minutes. The labeling '"T^'; ^ ,ii,n»» added, 

glycine. 0.2 M DTPA. 40/6 (w/v) f^H.CI. P" » ^J,":^;;^;' ? of the 08 

90Y3' labeKng is done by combining one volume of 200 mWml Y in /u ,„ure for at least 5 

a,a(.owrateof1 mVmin. Two different systems were u^^^^^^^^^^ 

Canberra 2007p/802-3 sodium iodide crystal. ' ' '1" ^".^^^^^^^ 

ratemeter coupled with a model 44-6 side ^^'^e'^^^.^i^'^^'^^^^ ,n this system, all i-'ln'- 

integrator. Prior to injection, samples were diluted wirt H^^^^^^^ ^ ^^^^ ,3 ^ 

labeled hapten chelates appeared as « ^/""'^''^ftKlative areas of 3:2 for the leading and trailing 
doublet, with two peaks vnthin 0.5 minutes of one another, wim reiaiive aic » 
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Absorbance measurements were made on a Hewlett Packard Model 8451A Diode Array spectro- 
Dhotometer. 1 cm path length cuvettes were used throughout, and samples were diluted in. and measured 
against PBS (10 mM sodium phosphate. 150 mM NaO. pH 7.2). Molar extinction coefficients were calculated 
for the metal-free chelating agents based on concentrations determined by indium titrations. 

B. Synthesi s of Hapten ETUBE .i^w^aki 
2 5 ml of 20 mM rrCBE was added to 1.25 ml of 200 mM ethyiamine and the pH adjusted to 11.8 ij^th 10 N 
NaOH The volume was adjusted to 5 ml with H2O and the mixture allowed to react for 15 minutes, at which time 
it was checked by HPLC analysis. All of the ITCBE was converted to ETUBE. with a retentton time of 3.6 

'"'The^product was purified by anion exchange on a 5 ml AG1x8 (formate form) column, equflibrated with 0.5 M 
formic acid The column was washed with 0.5 M formk: acid until the effluent was fluoroscamlne negative, 
indicating that all of the excess amine was removed. The product. ETUBE. was eluted by washing the column 
with 8 M formic acid. Excess formic acid was removed by lyophillzation. The product was characterized by 
indium titration. HPLC and UV/visible absorbance. The material had an absorbance maximum at 244 nm. with 
c - 2.0 X 10^ M'^ cm-^ 
The structure of ETUBE is shown below 



H N(CH2C02H)2 

C 



CHaCHs-N"^ ^ H \ y-CH2CHCH2N(CH2C02H)2 



c Synt hesis of Hapten BUTUbt 

BUTUBE was prepared exactly as described in Example IB. except that 4.aminobutane was used P^ace 
ethyiamine. The product had an HPLC retention time of 4.8 minutes and an absorbance maximum of 244 r 
with 6 - 1.9 X 10* M-^ cm-^ 

The structure of BUTUBE is shown below: 




N(CH2C02H)2 

CH3(CH2)3-N^ /)-CH2CHCH2N(CH2C02H)2 



D Synthesis of Hapt en BATUBE . ^ 

BATUBE was prepared exactly as described in Example IB. except that 4-amjnobutync acid was used In 
place of ethyiamine. The product had an HPLC retention time of 3.1 minutes and an absorbance maximum of 



244 nm with e - 1.8 x 10* M'^ cm'' 
The structure of BATUBE Is shown below 



N(CH2C02H)2 

HOOC{CH2)3- ^CH2CHeH2N(CH2C02H)2 
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10 



IS 



20 



%g'tv^SKl^ere!^S as described in Ex^ple IB. except tha. M-ine was used in ptece of 
etlT^Jiine. ^ had an HPLC retention time o. 3.0 minutes and an absort,ance maximum at 244 nm 

with c - 1.8 X 10* cm-'. 
The structure ot PATUBE Is shown below: 

t N(CH2C02K;2 

HOOC(CH2)2-N'^ N-/ VcHaCHCHaNCCHzCOzHh 



'B\Clta1pTred'e^<?' as described in Example IB. except that benzy|amine wa, "-^'n ^-e oj 
ethybmme. The JrJSuct had an HPLC retention time of 5.1 mimites and an absorbance maximum at 244 nm 
with e - 2.4 X 10* M"' cm"'. 
The structure of BETUBE is shown below: 



25 S 



30 



40 



45 



j? N(CH2C02H)2 



CH2-N^ ■ ■ \ i>-C"2C"^"2'^^^"2C02H)2 



ml oTs M a^monium^^^ pH 10-10.5. After 15 minutes at room temperature, the reaction was checked by 
^^^fc onra3 h^l oMhe surting chelating agent had converted to product (retentton time 3.14 minutes) 
Tr«nH oHhemWure was then adjusted to 105 by the addition of 250^ (w/v) NH4OH. The reaction was mixed 
IJd ^J^kX^P^ A^S he^^^^^^ had converted to the desired product. TUBE. The reaction mixture was 



taken to dryness by lyophilization. 
The structure of TUBE is shown betow: 



S ^^^^^ N(CH2C02H)2 

H2N'^^^N-/^ VcH2CHCH2N(CH2C02H)2 



^ " p S^ mMrTCBESI^aL d to 1 .25 ml of 20 mM octylamine in 400^ (v/v) aqueous ethanol. The pH was 
adSTi°o^1 8 vl^lorNaTan^ Ihe volume increased to 5 ml by the addition of 400/o (vAv) aqueoc« 
Sanonle HPLC retention time of product was 7.4 minutes, and the absorbance ^44 nm. Ixw 

- aqueous solubility precluded an accurate detemiinatlon of the molar extinction coeffteient. 

eo The stnjcture of OTUBE is shown below: 



55 
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S 

n 



N(CH2C02H)2 

CH3{C^2)7-N^ NH^ y-CH2CHCH2N(CH2C02H)2 



10 



1 Synthesis ol Hapten PHTUBE -.Kinu 
2 5 ml ot 20 mM ITCgE was ad ded to 1.25 ml o» 200 mM aniline and the pH was adjusted to 7.6 with 10 N 

NaOH Addition of water brought the volume up to 5 ml. and the reaction was allowed to proceed tor 75 

mSes The product was purlfted as described in Example IB. and had an HPLC retention time ol 4.4 minutes. 

The product has an absorbance maximum at 258 nm with c - 2.3 x 10* M-'cm . 
The structure of PHTUBE Is shown below: 



>5 




H 



S 
II 



N(CH2C02H)2 



^'^"4 >-CH2CHCH2N{CH2C02H)2 



20 



25 



' PhTuT^^TZ^^^^^ as described in Example 1H. except that p-amino phenylacetic acid was 

used as the a^ne Th^^ product had an HPLC retention time of 3.5 minutes, with an absorbance maximum at 
256 nm with c - 2.4 x 10* M'^ cm"*. 
The structure of PHATUBE is shown below: 



30 



35 



HOOCCH2 




N(CH2C02H)2 

CH2CHCH2N(CH2C02H)2 



40 



45 



' EaTwS p"reg 'eS' as described in Example IB. except .hat e.hanolamine was used in place of 
eth^Smin^.^ ttie final pH of the reaction was 1 1.0. The product had an HPLC ^-^l"'^' ^ 

irJSr^uct was purified by anion exchange chromatography on an 1 1 ml column of DEAE Sephadex A-K 
elu\SSa 110 mUinear gr'adient of 0.1 to 1 M ammonium fom,a,e. P« l^^-^'^^^— '^f^^^^^^^ 
were oooled and lyophilized. The product had an absorbance maximum at 246 nM with c - 1.8 x icr M cm . 

The stSctt^v^ verified by ''c NI^R spectroscopy. The peak corresponding to the carbon in the 
isotJteSS mS in ITCBE was at 139 ppm. and was replaced by a peak at 182 ppm in EOTUBE. Th« 
correSs toX carbon In the thiourea linkage. The aromatic region (128-138 ppm) of «he spectrum of 
ffCBE sh^s four peaks, while that of EOTUBE shows 3. In the aliphatic region, there i^e 5 peaks 'n common 
S^frUE^d EOTUBe! and an additional two peaks at 64 and 49 ppm in the EOTUBE spectrum. The latter 
correspond to the carbons adjacent to the hydroxyl and thiourea moieties, respectively. 

The structure of EOTUBE is shown below: 



50 



55 



60 



65 
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\\ N{CH2C02H)2 



10 



15 



20 



HOCH2CH2-N^ ^ N-^^^^y-CH2CHCH2N(CH2C02H)2 



of STnm v^th c - 2.3 x 10* M" cm-i.The structure was verified by "Cand NMR spectroscopy arKl Is shown 
below: 




N(CH2C02H)2 

H2NCCH(CH2).-N"'^"^N-^ ^CH2CHCH2N(CH2C02H)2 
NHCOCH3 



The amide of N-a-acetyl-L-lysine was prepared via the methyl ester using a procedure described by Yeh 
S M el aT An al Biochem^lOO . 152-159 (1979). 1 g of N-o-acetyl-L-lyslne methyl ester was dissolved .n 45 ml of 
• anhvS^ s methanol and the solution saturated with gaseous NH,. The reaction was kep ""df ^ N2 and 
saSiedwUh ammonia twice a day for 2-3 days. The reaction was followed by TtC on sM«a ^''.(PJya «n 
lil G/UV. Brinkmann Instruments. Inc.. Westbury. New York) wrth a solvent /^^^ 
ammonium hydroxide (4:1. v/v). Spots were visualized by a ninhydrin spray reagent The .'^V' ™ 
To 3 NMR indicated the presence of an additional material which coukJ not be «sualtted bywnhydrln^ 
AnSsis Of the NMR indicated that the side prcduct was a seven-membered ^^^"^'^J^ J',^ 
Solecular reaction. Attempts to eliminate the side product by presaturat.ng the methanol pnor to the 
addition of the methyl ester were unsuccessful. rorfissolved in 

When the reaction was complete it was taken to dryness by rotary evaporation J*^' *f fL^^J'^^'? 
sufficient water to make a 10 mM solution. The amide was purified by chromatography on a 90 "J colu^nn 
I^Sdex CM-25 (Pharmacia Fine Chemicals. Uppsala. Sweden). P'«^°"=*'y,«'l"'i^"''^,,Sj;°jh^^^ 
Wmeihylammonium fomiale. pH 5. Before application, the pH of the sample was adlusted ^vj^tj^^ 
SKylammonium formate. The cyclic amkle side product flowed through the <=°'"'"" " "Tct 
MDlted and during a wash with 2 column volumes of 10 mM trimethylammonium formate. The d«s'«<l P^^^ 
fhen waTeluted with a 900 ml linear gradient of trimethylammonium formate. pH 5. from 10 to 500 rnM^ 
nuorwcai^h^e was used to test the individual fractions for the presence of amine. Those 'fa<= " 
Sc^ne^t^e were pooled and lyophH^ed. The NMR spectra were -"^^-'J'j;''^^^^^ 
«Vn.rtur« for N-acetvl-L-lvslne amide. THe concentration of amine was detemiined by assay wim 
SSbenirnesulgacid ^^^^^ (Glazer. A.N. etal.. Chemical Mod;, .cation of Proteins, pp 76-77. Amencan 
Elsevier. New York. (1975)}. 

^•gnell^dglo ride ,115 mg. 875 ^mole, was added to 1-624 ^molj^e^^^^^^^^^^^ 

To the resulting solution was added 2.5 riil of 42.2 mM ITCBE (105 ,imole) in 0.3 M HCl with stirring. The pH was 
IdiLs^Tto 9^0 v^trTriethylamine or hydrochloric acW. HPLC analysis showed that the reaction <x:curred 
StilousJ ChPLC detention time of NUBE was 2.67 minutes under the HPLC conditions in Example 

^'rhfl reactton mixture was diluted to 500 ml with water and applied to a 15 ml DEAE Sephadex A25 

60 chS^atogrS^crn^equilibratedin20mMtriethylammoniumfom^^^^ 

Sth^SO) Xear gradient from 20 to 250 mM triethylammonium formate. Peak frac .ong (as determined by 
rbi,*^!:^* 250 nm) were pooled and lyophHized. When compared with the "c NMR sp«c ~m of rrCB^^^ 
!^!;^^!^r«-es aooeared at 183 0 44 7 and 41.8 ppm, con-esponding to the thiourea, and ethylenediamme 
rh"eTcXns.Ts'i^^^^^^^ one'sU near the 140 ppm region of the ITCBE spectrum 

65 (assigned to the isothiocyanate carbon) did not appear in the WUBE spectrum. 
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The structure of NUBE is shown below: 




s 
II 



N(CH2C02H)2 
CH2CHCH2N{CH2C02H)2 



H2NCH2CH2-N 
H 



N. Synthesis of Hapten GNUBE 

A solution of 16 mg (140 jimole) glutaric anhydride In 100 ^l dimethylacelamlde was added to a stirred 35 
mM solution (800 ^1. 28 ^mole. pH 8) of NUBE. prepared as described in Example 1M. The reaction was 
allowed to proceed 20 hours at room temperature, then stopped by dilution into 250 ml 20 mM 
triethylammonium formate, pH 6.5. The HPLC retention time, under the condition described In Example lA. was 
3.19 minutes. 

The solution was then applied to a 15 ml DEAE Sephadex A-25 column equilibrated In 20 mM 
triethylammonium formate, pH 6.5 and eluted with a 500 ml gradient from 200 to 800 mM of the same buffer. 
The peak fractions, as determined by absorbance at 250 nm. were pooled and lyophillzed. When compared 
with the ^^C spectrum of NUBE, new resonances appeared at 180.6, 178.7, 37.7, 35.9, and 23.6 ppm. 
corresponding to the acid, amide, and three methylene carbons from the glutaramate substltuent. 
respectiveiy. In addition, the NUBE resonance appearing at 44.7 ppm shifted to 46.8 ppm In GNUBE. 
presumably due to acytatlon of the adjacent amine. 

The structure of GNUBE is shown below: 



O. Synthesis of Hapten DB-I 

£-Bromoacetamidobenyl-EDTA ("BABE") is prepared according to the procedure outlined In U.S. Patent 
No. 4.622.420. which is incorporated herein by reference. The BABE then was labeled with ^Wo molar excess 
of cold Indium In 1 M NaOAc, pH 8.0. such that the final pH Is about 4. A trace amount of indium-1 1 1 was added 
to follow the labeling procedure. The conditions for the labeling were as follows: 
2000 ^il 1 M NaOAc. pH 8.0 
1089 ^ 100 mM InCIa in 50 mM HCI 
120 \il ln-111 
900 Hi BABE (110 mM) 

The above reagents were added in the order listed to an acid-washed container containing an ackJ-washed 
stirring bar. The pH is adjusted to 4.0 with either 10 N NaOH or 1 N NaOH and the reaction is stirred for 30-60 
minutes. An ED3A (ethylenediamine triacetate) column was equilibrated In 50 mM NaOAc, pH 4.0 buffer. A 6ml 
column was packed and loaded to about 34.4«Vb of the resin capacity with the reaction mixture vid the product 
was eluted. BABE-ln with a purity of about 65<Vo was obt^ned. 

g-Bromoacetamldobenzyl-DTPA ("BABD") Is prepared analogously to the procedures taught for BABE, 
described earlier, in U.S. Pat. No. 4,622,420. BABD (47.1 Hmoles, 145 mM) was reacted in 23.55 ml of 5 mM 
1.4-butanedithiol (plus a 40-foid excess of 1.4-butanedithiol) in 0.1 M NaHCOa. pH 8.2. The reaction was 
followed by HPLC. After the reaction was complete, the reaction mixture was centrifuged at 3200 RPM for ten 
minutes and the supematent was acidified with 23 M formk: acid to a final concentration of 0.5 M formic acid. 
The resulting precipitate was stored at -70** C. The reaction was then extracted with 40 ml portions of diethyl 
ether until the extracts were DTNB negative. The aqueous layer was lyophillzed overnight and stored at -70" C. 
The yield of the "MBD" obtained was 73.50/o 

MBD (31 .5 jimoles: 19.1 mM in 0.1 M NaHCOa, pH 8.2) was reacted with 63.0 jimoles BABE-ln (100 mM in 0.3 
M HCI), prepared as indicated above. The final volume was 6.3 ml. The reagents were added as Indicated 
below: 

4.025 ml 0.1 M NaHCOa. pH 8.2 



S 



N(CH2C02H)2 



HOOC(CH2)3CONHCH2CH2- N 




CH2CHCH2N(CH2C02H)2 
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1.645 ml MBD with the pH being adjusted as necessary to 8.2 with saturated NaaCOa. 
0 630 ml BABE-ln again adjusting the pH to 8.2 with saturated NaaCOa. as necessary. 
The reaction time was about 1 to 2 hours as determined by HPLC, The reaction mixture is applied to a 2 ml 
chromatography column (BioRad Affl-gel-501 column equilibrated with 0.1 M NaHCOa. pH 8.2). About 30 ml of 
5 eluent were collected and the pH of the eluent was adjusted to 6.0 with 23 M formic acid. The eluent then 
immediately was applied to a 5 ml A-25 column equilibrated in 10 mM ammonium formate^ pH 6.0 buffer. The 
column was washed with 10 mM buffer to make certain that the sample did not elute. A 50 ml gradient from 10 
mM to 1.0 M ammonium formate. pH 6.0 was run. The HPLC retention time of the product was 5.08 minutes. 

10 P. Synthesis of Hapten DB-H i 
DB-II was prepared by reacting DTT (dithiothreitol) with BABD, followed by reaction with BABE-ln. 
BABD (833 jU. 100 mM. In 0.2 M HO) was added to 832 ]i\ of DTT (0.5 M in NaHCOs. pH 8). The pH was 
adjusted to 8.2 and the reaction was complete within 2 hours as determined by HPLC. The reaction was 
acidified with 23 M formic acid and then was extracted with diethyl ether until DTNB negative. The product was 
75 lyophilized overnight then dissolved in 1.0 ml water. The reaction product, designated as MBD-2. then was 
reacted with BABE-ln. prepared in Example 1. Section O. The reaction conditions were as follows: 
4440 ^l 0.1 M NaHCOa. pH 8^ 
900 ^1 MeD-2 (33mM) 

520 \i\ BABE-ln (113 mM) ^ c c 

20 The reaction was compltl^ within 2 hours as determined by HPLC. The reaction mixture was purified on a 5.5 
ml BioRad Affi-gel column eluted with .1 M NaHCOa, pH 8.2. The pH of the eluted material was adjusted to pH 6 
and further purified on a 5 ml A-25 column with a 100 ml gradient from 10 mM to 1M ammonium formate, pH 6 
buffer. The product was obtained in about 78<Vd purity as determined on HPLC and had a retention time of 4.1 
minutes. 

25 

Q. Synthesis of Hapten DB-III ,.~Br>-* 
06^111 is prepared by reacting g-aminobenzyl EDTA CABE') with g-isothiocyanatobenyl-DTPA ( ITCBD ). 
both starting materials prepared according to the teaching of U.S. Patent No. 4.622.420. 
ABE was labeled with 200/o molar excess indium in 0.1 M NaOAc. pH 6. solution. The reagents were added as 
30 follows: 

2310 nl 0.1 M NaOAc. pH 6 
1410 ^il 100 mM InCb 

900 jil 129.6 mM ABE . w . ^ adc .k 

The pH was adjusted to 6 with 10 N NaOH and the reaction continued for 1 hour. The Indium-labeled ABE men 

35 was passed through a 28 ml ED3A (ethylenediaminetriacetate) column and eluted with 10 mM NaOAc. pH 6 
buffer. The mixture was lyophilized overnight and re-dissolved in 1 ml of milll-Q water. The pH must be greater 
than or equal to 6 throughout the procedure to prevent scrambling of the indium species. 

ITCBD (1 2 ml. 51 mM) was lyophilized prior to the addition of indium-labeled ABE, The addition was made as 
follows: NaHCOa (1.5 m1. 0.1 M. pH 8.2) was added to 1 ml of 70.3 mM ABE-ln prepared above. The pH was 

40 adjusted to 8 with saturated NaaCOa and then the solution was added to the lyophilized ITCBD. The mixture 
was reacted at 40° C. and the reaction was complete after 2 hours as determined by HPLC. The product was 
obtained al 78.4CVto purity and had an HPLC retention lime of about 3.04 minutes. The pH of the sample was 
adjusted to 6 with formic acid, diluted to 20 mis with milll-Q water and purified through a 20 ml A-25 column 
equilibrated with 10 mM ammonium formate. pH 6. buffer. A 200 ml gradient of 10 mM to 1 M ammonium 

45 formate pH 6. buffer was used to elute the product. The extinction coefficient at 260 nm In water. P"/ was 
about 20.380. Radiolabeling the product, using ln-111 and Y-90. followed by radlo-HPLC, showed 100^ and 
980/0 of the activity associated with the DB-llI for the ln-111 and Y-90 labeled compounds, respectively. The 
labeled compound showed the characteristic doublet associated with "Y^* labeled DTPA chelates In 
this HPLC system. The labeled DB-lll. 96«Vb and 97«Vt). respectively, for the ^^'In3- and labeled species, 

50 bound to antibody CHA255. x5e.»i«H 
The ^H and ^'C NMR of DB-III were determined as follows: Samples were freshly prepared using atstinea 
D2O as the solvent in acid-washed NMR tubes. The pH was adjusted to 6.5 as necessary with NaOD or DC1 . 
The pH reported is the actual pH meter reading without correction for the activity of D2O. g-Dloxane was used 
as an internal standard for the '^C NMR spectrum (downfield shift of 66.5 ppm) and the HDD peak was used as 

55 a reference for the proton spectrum (4.70 ppm). All spectra were recorded on a Varian Model XL-300 NMR 

spectrometer. » c i-rr c i7c 

The following show the results of the ^^C spectrum In ppm (5)(not all peaks are given): 179.5. i//.b. i/b.u, 

175 8 175 5 170.9. 170.3. 170.2. 135.3. 134.4. 130,2 (CH). 130.1 (CH). 126.8 (CH). 126,7 (CH), 62.5 (CH). 61.0 

(CH). 59.7 (CH2). 57.7 (CH2). 57.2 (CH2). 56.7 (CH2). 55.4 (CH2), 53.9 (CH2). 53.5 (CH2). 53.1 (CH2). 51.5 (CH2). 
60 48.5 (CH2). 32.3 (CH2). 31.9 (CH2). 

DB-lll was labeled with »0Y as follows: 

10 pi .22 M glycine. pH 8.2 

1 pi .1 mM OB-lll 

5 )x\ «0Y (180 jiCi/vil) 
65 The noted mixture was incubated for 30 minutes at room temperature. 
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R. Synthesis of Hapten OB-IV 

OB-tV is prepared by reacting NUBE with ITCBO in a manner analogous to that previously described for the 
preparation of the other OB-haptens. 

The volumes of NUBE and PTCBD used were lyophilized prior to mixing. Na2C03 (50 jil). pH 11-12 was added 
to NUBE followed by addition to ITCBD. The reaction was performed at 40*" C. The quantities used were as 
follows: 

25 ITCBD (51 mM) 

125 (xl NUBE (20 mM) with 1000^ excess NUBE added 
50 \i\ final volume of Na2C03 pH 11-12 

The reaction was monitored by HPLC and was complete within about one-half hour. The product had a 
retention time of about 3.42 minutes. 

S. Synthesis of Hapten DB-V 

ITCBE was reacted with butytdiamine to prepare BUBE. The BUBE then was loaded with cold indium and 
subsequently reacted with ITCBO to prepare DB-V. 

In particular. 80 ^1 butyldiamine (BUDA. 800 ^moles) was mixed with 300 ^1 of 3 N HCI so that the pH was 
about 10.5. ITCBE (1 ml, 39 mM) was added dropwise with stirring to the mixture. An additional 10 (J of BUDA 
was added to keep the pH at 10.5. When the reaction was complete as indicated by HPLC. the reaction mixture 
was diluted with milli-Q waver and the pH was adjusted to 3 with .3 N HCI. The product was purified on column 
loaded with AG- 1X8 resin. BUDA was eluted vyith 50 mM formic acid until the eluent tested negative with 
fluorescamine. The product then was eluted with 1 N formic acid. Those fractions containing the product were 
combined and lyophilized. 

The BUBE prepared above then was labeled with cold indium. Excess Indium was removed using an 
ethytenediaminetriacetate columm. ITCBD (0.5 ml. 39 mM). prepared as indicated eariler. was lyophilized and 
then re-dissolved in 1 ml of 0.1 M NaHCOa. The pH was adjusted to 7 with 1 N NaOH. The In-BUBE (28 pmoles) 
prepared above was dissolved in 0.5 ml of 0.5 ml of 0.1 M NaHCOa. pH 8. The two solutions were mixed and the 
pH was adjusted to 10.5 with 1 N NaOH. The reaction was complete in about 3 hours as indicated by HPLC. 

The reaction mixture was purified on an A-25 column using a 200 mi gradient running from 10 mM to 1 M 
ammonium formate, pH 6 buffer. Fractions containing the desired product were combined. tyophlHzed and 
then dissolved in 1 ml 100 mM ammonium formate. pH 6. and characterized. The product obtained had an 
HPLC retention time of 3.83 minutes v^th a purity of about 88.6O/0. This product showed an absorbance 
maximum at 246 nm with an extinction coefficient of about 26.700. 

T. Synthesis of Hapten DB-Vi 

2-aminobenzyl-DTPA {'ABD'} was prepared in a manner analogous to the preparation of ABE described 
above, using the teaching of U.S. Patent No. 4.622.420. BABE, prepared as indicated earlier, was 
indium-labeled as follows: Indium chloride (30.6 mM in 1.2 N HCI. 2.0 m!) was added to a solution of BABE (144 
mM. 400 ^1) and th.e pH was adjusted to about 6.0 with 10 N and 1 N NaOH. The mixture was incubated for 30 
minutes and then purified over an ethylenediaminetriacetate column. The product was eluted with 10 mM 
sodium acetate. Column fractions containing the desired product were combined and lyophtiized. 

The indium-loaded BABE (20 ^moies in 1 ml H20) was added to a solution of ABD (20 ^moles) In H2O (0.5 
mi). The pH was adjusted to about 5.6 and the reaction was incubated at 37° C. overnight When HPLC analysis 
indicated that the reaction was complete, the reaction mixture was purified on an A-25 column using a gradient 
running from 0.1 to 1.0 M triethylammonium formate. pH 8.7. to eiute the material. Fractions containing the 
desired product were combined and lyophilized. The DB-Vl obtained had ari HPLC retention time of about 3.3 
minutes. The ^^C NMR spectrum showed the following chemical shifts in ppm (5) (dioxane as the Internal 
standard): 178.8. 178.6, 178.3. 177.7. 175.6. 173.1. 173.0, 172.1. 149.4. 138.1. 136.5, 133.1 (CH). 132.7 (CH). 
127.0. 125.6 (CH). 116.8 (CH). 65.5 (CH). 64.0 (CH). 62.5 (CH2). 60.6 (CHj). 60.2 (CH2). 59.6 (CH2). 56.8 (CH2). 
56.5 (CH2). 56.0 (CH2). 55,7 (CH2), 54.4 (CH2). 51 .3 (CH2). 50.7 {CH2). 35.0 (CH2). 34,2 (CH2). The proton NMR 
(HOD as an interrial standard) showed resonances (6) at 7.31 (d. 1H. J- 8.4 Hz). 7.19 (d. 1H. J-8,4 Hz). 7.08 
(d. 1H. J-8.4 Hz). 6.7 (d. 1H. J-8.4 Hz). 3.94 (s. 2H). 2.70 (m. 2H). 2.55 (m. 1H). 

U. Synthesis of Hapten DB-VIII 

DB-Vlll is prepared by reacting g-bromoacetamidobenzyl DTPA (*BABD*) with indium-loaded DHPBE which 
is prepared from BABE and 1 .3-diamino-2-hydroxypropane. The BABD is prepared in a manner analogous to 
that previously taught for the preparation of BABE and generally follows the teaching of DeReimer. L. H., et al„ 
J. Lab. Comp. and Radiopharm . 18. 1517 (1981) and U.S. Patent No. 4.622.420. 

In particular. 1.3-diamino-2-hydroxypropane (28 mg) was dissolved In 50 mM HEPES buffer, pH 10 (1 ml) and 
BABE (24 mM. 1 ml), prepared as noted above, was added dropwise. The reaction was stirred overnight at 
room temperature until HPLC indicated that the reaction was complete. The reaction mixture was diluted to 60 
ml and applied to an A-25 column (10 ml) which was equilibrated with 100 mM triethylammonium formate. pH 
8.7, The column was eluted with a 400 ml gradient running from 100 mM to 1.0 M triethylammonium formate. pH 
8.7. The fractions were analyzed with HPLC and those fractions containing the product were combined and 
lyophilized. The product was dissolved in water (1 ml. 24 ^imoles) and Indium chloride (30.6 mM. 400 ^il) was 
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added. The pH was raised to about 5.8 and the solution was incubated for 30 rriinutes. Because the mixture 
showed that the product and starting material had the same retention times, excess indium chloride (600 ^1) 
was added. The pH was adjusted to about 6.0 and the material was applied to an ethylenediaminetriacetate 
column. The column was eluted with 10 mM sodium acetate and the fractions containing the product were 

5 combined and lyophllized. 

r.ie indium loaded DHPBE (20 jimoles) obtained was dissolved in water (1 ml) and added dropwise to BABD 
(40 ^moles). The pH was adjusted to about 9.0 and the reaction was stirred at S?"* C. for about six days. HPLC 
indicated that several products were formed. After repeated purifications over A-25 and BloRad Affi-gel-102 
columns, a single product, designated DB>V111 was obtained, .nis product had an HPLC retention time of 3.2 

10 minutes. 
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MONOCLONAL AhmSODY PREPARATION 



20 A. Preparation of Monoclonal Antibody CHA2S5 

Antibody producing hybrldoma cell lines were prepared as follows. Spleen cells from BALB/c mice multiply 
immunized with the antigen were fused with a variant of the P3.653 myeloma cell line. See Gerhard, Monoclonal 
Antibodies , edited by Kenneth etal.. Plenum Press, New York (1980). The resulting hybridomas were screened 
by a solid phase second antibody radioimmunoassay for their ability to bind indium-aminobenzyl-EDTA (Wang 

25 et al.. Journal of Immunological Methods . ^S, 157, (1977)). Based on their high titers and relatively high affinity 
as determined by inhibition of binding by unlabeled antigen, a monoclonal antibody designated as CHA255 was 
chosen for further study and injected tntra-peritoneatly Into BALB/c mice for ascites production. The 
monoclonal antibodies were purified from mouse ascites by Ion-exchange chromato graphy on DEAE-cellu- 
lose as described by Parham etaj.. J. Immunol. Meth. . M. 133 (1982). Monoclonal antibody CHA255 is further 

30 described by Reardon, D.T. et al .. Nature 316. 265-268 (1985). 

B. Preparation of Bifunctional Antibody ECH037.2 

Bifunctional antibody ECH037^ was prepared by the formation of a tetradoma by the biological fusion of the 
hybridoma cell line expressing monoclonal antibody CHA255. prepared as described in Example 2A, and a 

Jo hybridoma cell line, designated CEM23 1.6.7. expressing antibody having specificity for carcinoembryonic 
antigen (CEA). Hybridoma cell line 231.6.7 was deposited with the American Type Culture Collection under the 
Budapest Treaty on January 7. 1988 (ATCC Accession No. HB 9620). Thus, the bifunctional antibody produced 
has specificity for both Indium-benzyt-EDTA and CEA. The tetradoma which expresses the bifunctional 
antibody designated as ECH037.2 was prepared by biological fusion of the hybridoma cell lines CHA255 and 

40 CEM231.6.7 as described by Bumett. K.G. et al . in Biotechnology: Applications and Research , pp. 401-409. 
edited by Cheremisinoff and Ouellette. Technomic Publishing Company, Pennsylvania (1985). ECH037.2 was 
purified from culture fluid in a two step process. IgG molecules were first isolated from other components of 
the culture medium by chromatography on DEAE-cellulose, as described by Parham et al . J. Immunol. Meth.. 
53. 133 (1982). foHowed by further purification by HPLC on hydroxylapatite (BioRad Laboratories. Richmond. 

45 Ca). The ECH037.2 bifunctional antibody was eluted using a gradient from 10 mM to 160 mM sodium 
phosphate, pH 6.8. Both buffers also contained 10 mM Ca^ to f>revent column degradation. The bifunctional 
antibody ECH037.2 was Identified by the pattern of protein bands generated with electrophoresis In 7.5<Vto 
acrylamide gels (SOS), and the ability of the antibody to bind both indium-benzyl EOTA chelates and CEA. 

SO Hapten capacity assay: 

To determine the ability of the antibody to bind indium-benzyl-EDTA. the antibody and the In^* chelate of 
(S)-4-p-nitroben2yl EDTA were combined in PBS (10 mM sodium phosphate, 150 mM NaCI. pH 7.5) containing 
1.5 mg/ml normal serum albumin. Antibody concentration was 0.15 mg/ml and the lndlum-(S)-4-p-nitrobenzyl 
EDTA concentration was 3 ^M. The chelate was radiolabeled at a specific activity of 0.5-3.0 ^iCi/nmol with 

55 '^Mn. After a 5 minute Incubation at room temperature, duplicate 400 ^1 aliquots of the mixture were 
transferred to separate Centrifree© ultrafiltration devices (NMW cutoff - 30.000: available from Amicon. 
Danvers. Massachusetts). These were centrrfuged at 1500 g for 10 minutes. Duplicate 50 \i\ pre-Centrifree 
samples were counted and averaged. This value was called TC". Duplicate 50 jil aliquots of the Centrifree 
filtrates were counted and averaged. This value was called "F". The percent of theoretical capacity was 

60 calculated from the following equation: 
(1 - F/TC) X M 

M was assigned a value of 150. 100. 200 or 300 for intact antibody (CHA255). Fab fragment. F(ab)'2 bifunctional 
anfibody and intact bifunctional antibody (ECH037.2), respectively. 
To test the ability of the antibody to bind CEA. an immunoreactivity assay was designed to determine the 
65 percentage of the radiolabeled anti-CEA antibody preparation which bound to CEA. This value was determined 
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by a two site Immunoassay employing solid phase CEA bound to a polystyrene bead by a second antibody 
n!!nr^'t^^ -^^K T'^'^nfH^^ described in U.S. 4.376.110. Antigen positive and negative beads were 
prepared by incubating CEA beads, obtained from the commercially available TANDEM-R CEA test kit 
(Hybritech Incorporated. San Diego. California) in high CEA and zero calibrators. After unbound CEA antigen 
was washed off the beads, approximately 1 ng of the antibody radiolabeled with ^^^\ to a specific activity of 10 
HCi/jAg was added. The percent immunoreactivity was determined by calculating the percent of counts bound 
to the bead in the presence of antigen. A non-specific binding control was determined by the percent of 
counts bound to beads that have no CEA antigen present. 

Antibody CHA255 Binding Assay 

As indicated, the monoclonal antibody CHA255 Is specific for the In'^-benzyl EDTA complex. The affinity and 
characterization have been described previously in Nature . 316. 265 (1985). Binding assays were performed to 
""^l^.l l tV^'^ haptens designated as DB-I to DB-Vlll. Under the conditions of the assay, neither •oys* 
or ' 1 Un3 DTPA alone, bound to CHA255. For the wya* hapten chelate, in particular, CHA255 binding required 
the presence of the In-benzyl-EDTA moiety as provided in the compounds of the Invention. The labeled DB 
hapten chetetes were combined with antibody CHA255 in PBS (10 mM sodium phosphate. 150 mM sodium 
chlonde. pH 7.4) containing 44 jig/ml of human serum albumin and 0.05% Trtton-X-lOO detergent 
Concentrations of the radiolabeled hapten chelating agent and antibody are 5 nM and 133 nM. respectively* 
The mixture is vorlexed and allowed to s^and at room temperature for 15 minutes, after which it Is transferred 
10 an Amicon Centrifree© dev.ce. with a NMW limit of 30.000. and centrifuged to separate antibody-bound 
chelate from free hapten chelate. The species bound to trie antibody Is retained by the membrane and the free 
chelate flows through the membrane into the filtrate. The extent of antlbody-hapten chelate binding Is then 
determined. 



EXAMPLE 3 



IN VITRO CHARACTERIZATION OF DERIVATIZED HAPTENS 



A. Determination of Hapten-Antibody Dissociation Rates 

Hapten-antibody dissociation rates were determined using monoclonal antibody CHA255. prepared as 
described in Example 2A. by measuring the quantity of "Mn^* chelate released from the antibody hapten 
complex as a function of time after addition of a 100 fold excess {over antibody binding sites) of lndium-1 15 
loaded hapten. Thus, for each hapten, a 700 ^J solution was prepared containing: antibody at a concentration 
of 160 nM; indium loaded hapten, trace labeled with i^^n (total concentration - 160 nM); normal human 
serum albumin at a total concentration of 1.5 mg/mL; and isotonic phosphate buffered saline. (10 mM POa^', 
150 mM Naa. pH 7.2). Indium-1 15 loaded hapten was added to a final Concentration of 32 ^M. Reactions were 
stirred by placing the sample containers ir a rack mounted on a vortexer head. 

At various times after addition of the excess hapten. 400 ^iL portions of the reaction solutions were 
transferred to Centrifree tubes (Amicon Corperation, Danvers. Massachuselts) and centrifuged at ISOOxg for 
eight to ten minutes. The reaction time was taken to be the time between addition of the excess hapten and the 
time the centrifuge reached the desired velocity. Six timepoints. each in duplicate, were obtained over a range 
of about two reaction half-lives for each rate constant determination. A 200 jil portion from each centrifugod 
and uncentrifuged solution was then counted for » ^ Mn. The relative concentration of free hapten was taken to 
be the ratio of counts in the centrifuged solution to the uncentrifuged solution at each timepoint. Times were 
recorded to the nearest tenth of a minute. 

Room temperature rate constants were measured without the aid of a constant temperature bath. The 
ambient temperature remained at 22* ± 1 C. 

Rate constants and standard deviations were obtained from a plot of the logarithm of relative complex 
concentration vs. time. Data were analyzed using the linear regression module of the RS/1 Program (BBN 
Software Products Corporation. Cambridge. Massachusetts). 

Control samples were included in each experiment to determine: A) that the Initial condition of lOQO/o of 
labeled hapten bound to antibody was met, and B) that in the absence of antibody, 100<Vo of counts were able 
to penetrate the Centrifree membrane. If control A showed that a significant portion of counts did not bind 
antibody initially, the average number of counts in the control duplicates was subtracted from all centrifuged 
and uncentrifuged sample solutions, if control B showed that not all counts penetrated the membrane, each 
count ratio (i.e. the relative concentration of free hapten) was divided by the average of the fraction penetrating 
the membrane in the control duplicates. The antibody-hapten dissociation rates, expressed as reaction 
half-lives (ti/2 minutes) are shown in Table III. 
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TABLE in 



22*'C Dissociation Hatf>Uves of Selected Haptens 



5 



Hapten M/2(min) S.D.' >r** 

Abbrevia- 

tion 



W 



GNUBE 

BETUBE 

BALTUBE 

BUTUBE 

PATUBE 

TUBE 



98.8 
94.2 
90.9 
90.6 
87.8 
84.2 
75.0 
74.3 
72.6 
71.5 
59 7 
45 5 



1.2 
3.0 
1.2 
2.0 
2.6 
2.5 
0.8 
1.8 
1.3 
0.8 
1.5 
0.8 



0.999 
0.995 
0.999 
0.998 
0.996 
0.996 
0 999 
0.997 
0 998 
0.999 
0.997 
0.998 
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15 



PHTUBE 

BATUBE 

ETUBE 

PHATUBE 

EOTUBE 

NUBE 



* standard deviation 
correlation coefficient 

25 As shown in Table III, haptens of the invention dissociate from the antibody at rates which vary over a wide 
range. Thus, a hapten may be selected or designed to dissociate slowty from the antibody for applications 
such as therapy in which total dose to the target is the most Important consideration. Conversely, haptens with 
shorter half-lives may be more advantageous for applications such as Imaging. In which signal (at target) to 
noise (for example, blood pool) is the most Important factor, or In protocols which require transfer of haptens 

30 between antibodies. 



40 A. Determination of Hapten Biodistributions ' 

Two protocols were used for examining the blodistribution of the derivatlzed haptens In the presence of the 
bifunctional antibody ECH037.2. In a premix protocol, ECH037.2 and the derivatlzed hapten were combined 
prior to injection in the animals. In the prelocalization protocol, ECH037.2 was Injected into the animals, and the 
antibody was allowed to prelocalize for 24 hours prior to Injection of the radiolabeled hapten. 

45 Blodistribution studies were performed in nude mice carrying subcutaneous Implants of the human colon 
carcinoma cett line T-380 which expresses the cardnoembryonic antigen (CEA) recognized by ECH037.2. 
Briefly. Ba!b/C Nu/Nu mice were Injected subculaneously with a minced preparation of T-380 tumor implants 
and maintained for approximately two weeks, or until the tumor Implant had grown to a size of approximately 
0.5 grams as described by Hagan. P.L, et al. J. Nuc Med ., 26 1418-1423 (1985). Mice were kept In a sterile 

50 environment to prevent complications due to bacterial or viral Infections. Biodistributions were performed as 
described by Halpem. S., etjl.. Cancy F,as. 43 , 5347-5355 (1983). Briefly, the radtolabeled haptens were 
Injected Intravenously In normal mice, and the pharmacokinetics were evaluated at several time points 
post-injection. At these times, mice were sacrificed and weighed. Organs were removed, their weight 
recorded, and each organ was then washed in sterile PBS. pH 7.0, and fixed in formalin solution. Samples of 

55 blood, urifie and feces also were collected and their v/eight similarly recorded. The organs, or a portion thereof, 
were transferred to clean tubes and their radioactive content was determined in a well-type gamma-counter. 
Relative radioactive content of each organ was expressed as a percentage of injected dose per organ. 

B. Preparation of Samples for Blodlstribution-Premix Protocol 
60 To indium-label the haptens of the Invention 10 ^il of 0.1 mM llgand was combined with X jil of < ^ MnCIs (In 50 

mM HCI) and (x + 10) jil of 0.26 M ammonium citrate. pH 6.0. X Is calculated by the following equation: 

X - (200 na)/(A nCI/jil) 

where A Is the specific activity of the "Mn. • 
The labeling was done In an acid-washed mlcrofuge tube. After combining all of the components above, the 
65 solution was vortexed and allowed to stand at room temperature for 15 minutes. 
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IN VIVO CHARACTERIZATION OF DERIVATIZED HAPTENS 



22 



EP 0327 365 A2 



Incorporation of the ^ ^ ^In into the chelating agent was determined by TLC on silica In a methanol/aqueous 
ammonium acetate solvent system as described by Meares. etal. ( Anal. Biochem. . 142 Sa-'S (1984)) Greater 
than 95<Vto incorporation of the radioactivity into the chelate was required for the sample to be submitted for a 
biodistribution assay. 

^'Mn-labeled hapten was diluted into freshly prepared isotonic sodium bicarbonate 
1.39<M) w/v) containing 1 mg/ml normal human serum albumin (Bumlnate. 25<Vb solution. Travenol 
Laboratories, ^lendale. California) to which the bifunctional antibody had been added. The final composition of 
the solution was 0.2 mg/ml ECH037,2. 0.5 y^M chelate. 0.1 ^Ci/jd 'Uln. an In a volume of 2.0 mh For the 
biodistnbution studies. 100 jtl of the solution was injected into the tail vein of each animal 

Tables IV and V below summarize the results of the biodistribution v-.xpressed as percentage of injected 
dose/gram of organ) of the different haptens as determined using the premix protocol described above. 

TABLE IV 

COMPARISON OF VARIATIONS OF HAPTENS USED IN A PREi^IX PROTOCOL WITH 20 iig ECH037.2 IN 

NUDE MICE BEARING T-380 TUMORS 

^ DOSE PER GRAM AT 48 HOURS 



10 



IS 



HAPTEN 


BLOOD 


KIDNEY 


LIVER 


TUMOR 


URINE* 


fSces* 


TOTAL 


TUMOR/ 


















RECOV 


BLOOD 




ETUBE 


5.9 


1.2 


2.4 


10.4 


36.0 


15.2 


66.6 


1.76 


20 


BETUBE 


5.5 


1.5 


1,9 


7.5 


12.0 


29.0 


54.2 


1.36 




PATUBE 


7.6 


1.7 


2.4 


9,8 


36.0 


8.9 


61.7 


1.29 




BATUBE 


7.9 


1.5 


2.0 


12.1 


30.4 


21.1 


68.3 


1.53 




BUTUBE 


5.8 


1.2 


3.8 


5.7 


27.0 


26.5 


69.3 


0.98 


25 


OTUBE 


0.5 


0.2 


0.6 


0.7 


10.9 


68.4 


81.4 


1.40 




TUBE 


3.8 


1.1 


1.6 


6.5 


48.8 


9.8 


69.5 


1.71 




EOTUBE 


4.7 


1.4 


3.1 


14.5 


49.3 


7.9 


72.3 


3.09 




BALTUBE 


5.2 


1.9 


2.2 


12.9 


26.5 


13.8 


57.8 


2.48 




PHTUBE 


5.4 


1.7 


2.3 


10.6 


24.5 


21.7 


62.4 


1,96 


30 


PHA- 


3.7 


0.8 


1.1 


6.9 


22.4 


34.9 


66.4 


1.86 




TUBE 
















NUBE 


2.0 


2.5 


1.9 


8.1 


52.6 


12.9 


74.1 


4.0 . 




GNUBE 


8.0. 


1.5 


2.4 


12.0 


26.9 


17.8 


63.1 


1.49 


3S 



* Urine and Feces are percent of total injected dcse 
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45 



50 



55 



60 



65 
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TABLE V 

COMPARISON OF VARIATIONS OF HAPTENS USED IN A PREMIX PROTOCOL WITH 20 (ig eCH037^ IN 

NUDE MICE BEARING T-380 TUMORS 

(Vb DOSE PER GRAM AT 24 HOURS 



HAPTEN 




rMulMc r 


1 IWCQ 

UVcH 


TUMOn 


URINE* 


FECES* 


TOTAL 


TUMOR/ 
















RECOV 


BLOOD 


ETUBE 


10.4 


2.4 


3.5 


8.0 


25.8 


5.9 


52.2 


0.77 


BETUBE 


9.0 


2.5 


2.7 


8.0 


8.4 


17.4 


44.6 


0.89 


PATUBE 


12.2 


2.2 


3.3 


10.6 


23.6 


5.0 


53.7 


0.87 


BATUBE 


11.8 


2.5 


3.3 


11.5 


20.0 


6.9 


50.8 


0.97 


BUTUBE 


9.0 


1.7 


3.4 


5.3 


22.0 


16.8 


63.8 


0.59 


OTUBE 


1.1 


0.5 


0.8 


1.1 


8.9 


56.5 


68.9 


1.00 


TUBE 


8.0 


2.4 


4.0 


8.5 


23.7 


4.1 


48.2 


1,06 


EOTUBE 


9.3 


2.8 


3.8 


12.5 


25.9 


6.2 


55.6 ' 


1.34 


BALTUBE 


11.0 


3.6 


4.0 


13.0 


16.3 


6.8 


52.0 


1.18 


PHTUBE 


8.9 


2.9 


3.6 


12.4 


20.3 


13.9 


57.2 


1.39 


PHA- 


6.2 


1.2 


1.7 


8.4 


21.7 


22.0 


59.7 


1.35 


TUBE 


















NUBE 


5.9 


4.0 


3.1 


8,5 


42.5 


5.9 


66.3 


1.44 


GNUBE 


13.0 


2.7 


3.4 


9.0 


14.2 


10.6 


52.0 


0.70 



• Urine and Feces are percent of total injected dose 



Figure 1 shows the absolute uptake in the tumor and Figure 2 shows the variation In the tumor/blood ratio 
for the different haptens. In the figures, the designations "e*. 'be*, "pa", 'ba*. "bu*. "o". "eo*. "bal*, 'ph*. and 
•pha" refer to ETUBE. BETUBE. PATUBE, BATUBE. BUTUBE, OTUBE. EOTUBE. BALTUBE. PHTUBE. and 

30 PHATUBE. respectively. As shown in tables IV and V and Figures 1 and 2. the biodistributlon obtained Is 
dependent upon the Identity of the hapten. For example. If the simplest hapten TUBE Is compared to those 
derivatives with increasing aliphatic chain length, (ETUBE. BUTUBE and OTUBE), some trends In physiologic 
behavior may be observed. The biodistributlon' of ETUBE is very similar to that of TUBE, but as chain length 
increases (and hydrophoblclty increases as shown by the HPLC data determined In Example 1 and shown in 

35 Table VI below), the amount of hapten In the tumor diminishes ( e.g. . 8.0. 5.3. and 1.1 percent Injected 
dose/gram at 24 hrs. and 10.4. 5.7 and 0.7 percent injected dose/gram at 48 hrs. for ETUBE. BUTUBE and 
OTUBE. respectfveiy). For the same series of compounds a dramatic Increase is seen in the amount of material 
excreted through the gut and Into the feces. For example, at 48 hrs. post Injection. 15.2. 26.5 and 68.4 percent 
of the injected material was excreted In the feces for ETUBE. BUTUBE and OTUBE. respectively. In general, as * 

40 the llpophilicity (as indicated by HPLC retention time) of the compounds increased, so did the amount of 
material excreted through the Intestines and out as feces in the premix protocol. This Is shown In Table VI. 
below. 

TABLE VI 

45 _ 

Compound HPLC Percent Injected Dose 
Retention in Feces 

Time 



50 



55 







24 hrs. 


48 hrs. 


NUBE 


2.6 min 


5.9 


12.9 


TUBE 


2.8 


4.1 


9.9 


PATUBE 


3.0 


5.0 


6.9 


BATUBE 


3.1 


6.9 


21.1 


EOTUBE 


3.1 


6.2 


7.9 


GNUBE 


3.2 


10.6 


17.8 


BALTUBE 


3.5 


8.5 


13.8 


PHATUBE 


3.5 


22.0 


34.9 


ETUBE 


3.6 


6.7 


15J2 


PHTUBE 


. 4.5 


13.9 


27.1 


BUTUBE 


4.8 


16.8 


26.5 


BETUBE 


5.1 


17.4 


29.0 


OTUBE 


7.4 


56.5 


68.4 



65 
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As can be seen from Table VI, those compounds with HPLC retention times greater than 4 minutes were 
judged to be undesirable as potential Imaging agents because of the difficulty which may be encountered in 
trying to image haptens In the abdominal cavity due to the high levels observed in the intestines, it is also 
interesting to compare the compounds ETUBE. PATUBE, EOTUBE and NUBE In which the terminal carbon has 
a carboxyl. a hydroxyl or an amino group within this series. The compound EOTUBE stands out with its out 
standing tumor uptalce (Figure 1) and good tumor/blood ratios (Figure 2). 

C. Preparation of Samples for Biodistributlon Preloca ll zation Protocol 

To indium-label the chelating agents for the preloc* ..nation protocoi, 5 ^1 of 0.1 mM chelating agent was 
combined with X jil of 'i^lnOa (in 50 mM HQ) and (x+5) jil of 0.26 M ammonium citrate. pH 6.0. X was 
calculated by the following equation: 
X - 200 )iCI/A )iCl/)it 

where A Is the specific activity of the ^ ^ MnCb solution. The solution was vortexed and allowed to stand at room 
temperature for 15 minutes, after which incorporation of ^ ^ ^In label Into the chelating agent was determined as 
described for the premix protocol, if at least 95 percent of the^^^ln was bound by the chelating agent, the 
material was then diluted to a final volume of 2 ml with isotonic (1.39 percent, w/v) sodium blcart>onate 
containing 1 mg/ml normal human serum albumin. This material (100 |ll) then was Injected into each tail vein of 
mice which had each been injected 24 hours earlier with 5 jig of ECH037.2 in 100 Isotonic sodium 
bicarbonate containing 1 mg/ml normal human serum albumin. 

Four of the haptens. TUBE. EOTUBE. NUBE and PHATUBE were farther subjected to the prelocaHzatlon 
biodistributlon protocol as described above. These results are summarized In Figures 3, 4 and 5. and the 
tumor/organ ratios are shown In Figures 6-8. 

As can be seen In Figures 3-5. PHATUBE Is characterized by the high degree of fecal excretion, when 
compared to the other compounds, which agrees with the results seen with the premix protocol. Thus, 
although the tumor/organ values found for this hapten are exceptional (Figures 6-8). the high degree of fecal 
excretion for all time points suggests that this hapten would not be Ideal as an Imaging agent. 

The biodistributlon of EOTUBE Is characterized by high tumor uptake at all time points (Figures 3-5) and 
high tumor/organ ratios at 24 hours (Figure 7). For this reason, this hapten was selected as the optimal 
imaging agent from the series of four compounds examined using this protocol. 

Table VII shows the average tissue localization properties of '^'-labeled DB-I. DB-II. and DB-III when 
combined with 20 \ig of ECH037.2 and Injected Into nude mice carrying T-380 tumor implants. Each entry 
(o/oDose per gram) for 24 hours represents the average of 5 replicates for DB-I and DB-II and the data for DB-I, 
OB-II, and DB-III at 48 hours Is the average of 6 replicates . The standard deviations are shown for each value. 

Table VII 

Tissue Localization of DB-I and DB-II 



(^Dose per Oram 
24 Hours Post-lniectlon 

Hapten Blood Kidney Liver Tumor Urine* Feces* 

DB-I 10.1±1.6 2.4±.57 3.6±1.3 7.7±.8 25.4 4.1 

DB-II 8.03 ±2.7 2.6 ±.70 3.6 ±1.3 5.6 ±1.3 40.9 2.9 

DB-III 12.2±3.0 3.4±.94 3.3±.74 15,6±2.4 19.0 4,0 

46 Hours Post-Injection 

DB-I 5.9 ±1.6 2.8 ±1.4 3.9 ±1.5 8.2 ±1.85 30.0 7.9 

DB-II 4.4±1,9 1.6±.61 2.58±1.7 6.9±2.9 50.1 4.89 

DB-III 8.2±1.1 2.7±.36 3.2±.92 17,5±3.1 32.6 5.2 



* Urine/Feces Data Is <Vodose/organ 

Table VIII shows summaries of tissue localization properties of ^^Mn labeled-OB-lll. NUBE and TUBE. The 
data Is obtained by injecting nude mice bearing T-380 tumor Implants with 20 ^g of ECH037.2 and the noted 
hapten, using a premix protocol. 
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Table Vtll 

Tissue Localization of DB-III. NUBE and TUBE 24, 48 and 72 Hours PosMnJectlon 

cVbDose per Gram 

5 DB:!!! NUBE lyBE 

Blood Tumor Blood 

24hrs. 12.2 15.6 5.8 

48hrs. 8.2 17.5 3.3 

10 712 hrs. 6.6 18.1 0.7 

It will be apparent to those skilled In the art that changes and modifications win be POS«;ble^^^^^^^^^^ 
depa^n g from^e spirit and scope of the Invention. It Is Intended that the following claims be Interpreted to 
15 embrace ail such modifications and changes. 



Tumor 


Blood 


Tumor 


11.7 
12.2 
10.5 


8.0 
3.8 
1.7 


8.5 
6.5 
5.3 



Claims 

20 1. A compound of Formula (I) : 

E-R,-C.H«-CHi-EDTA-M d) 

SO 

li li 

-NH-R-^, -KH-C-NH-R2 or -NH-C-CHj -S-Rj ; 
^ 0 0 

R, Is hvdroaen an amino group, -OC + Y). -p-phenyl-CHa-Y. an unsubstltuted Ci to C30 branched or 

straight group: a substituted C, fo C30 branched or straight chain alkyl. cycloalkyi, aryi or 

arylalkyi group, in which the substltuents are one or more of any of: 
35 hydroxy, carboxy. - O, - S. 

-C=0, -C=S, 

-S^ .SR4. fluoro, chloro. bromo. lodo, amino, nitro. .SO3H. -NHRa. -NHR4. -NCRs)*. -CONHR3. -COORs. 

•564. -P64. phenyl, benzyl. imkJazolo. or a group of the formulae: 

40 .NH-C-NH-R3, -NH-C-NH-R3 or NH-C-NH-R3; 

II I! li 

KH 0 . S 

wherein . 

R3 is hydrogen, a Ci to C30 straight or branched chain alkyl group. 

45 -£-phenyi-CHa-Y, 

or a non-reactive functional group; 
Y Is EDTA. DTPA. DOTA. HETA, TRITA or TETA; 
50 R4lsHor-CH2-C-NHR3: 
O 

and. M is a metal ion. 

or a pharmaceutlcally-acceptable salt thereof. 
2. A compound of Formula (la): 
55 e.Ri.C«H4CH2EDTA-M (la) 

wherein Ri Is -NH-i.NHR2: 

.1 



60 



S5 



[n^^wStah^R °ls' h^JUe^rSHi: an unsubstltuted C,-C,o branched or straight chain alkyl Oroup: « • 
C, crbraJ,rhed or^treight chain alkyl. cycloalkyl. a,yl or arylalkyi group substituted by one or more 

R?liTt""S"oS;up: or a non-reacive h^nctlonal group: and M Is a metal Ion. or a 
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pharmaceutically^acceptable satt thereof. 

3. A compound of Formula (ib): 
g-R i-CeH4-CH2-EDTA-M (Ib) 

wherein Ri is -NH-C-NH-Rj, -NH-C-CH2-S-R2 , -NH-C-CH2-R2 , 
II II II 
0 0 o 

-NH-R2, -NH-C-CH2-NH-R- . or -NH-C-NH-Rj; 

II II 
0 S . 

R2 is >2-phenyt-CH2-Y. -OC-f Y). a substituted Ci to Cso branched or straight chain alkyt, cycloalkyt, aryt 
or aryialkyt group, in which the substituents are one or more of any of: 

hydroxy. 
I I 

-C=0, -C=S , -SR4. -NHRa, -NHR4. -N(R3)2, imidazolo. or a group of the formulae: 

rNH-C-NH-Rj. -NH-C-NH-R3 or -NH-C-NH-R3 ; 

II II II 

NH 0 S 

wherein 

R3 is -g-phenyl-CH2-Y, or - C -CH3: 



Y is EDTA. DTPA. DOTA. HETA.TRITA. or TETA; 
R4isHor-CH2.C-NHR3: 



and. M is a metal ion. 

or a pharmaceutically-acceptable salt thereof. 

4. A compound of Claim 2 in which Rt is -NH(C-S)NH-R2 In which Rj is selected from -H, -CH2CH3. 
-(CH2)3CH3. -(CH2)7CH3. -CH2CH2OH. .CH2CH2NH2. -C6H5. -CHjCftHs. -4-(CoH4)CH2C02H. 
.(CH2)2C02H. -(CH2)3C02H. -(CH2)4CH(NHCOCH3)CONH2. -(CH2)2NHCO(CH2)3C02H. or a pharma- 
ceutically-acceptabla salt thereof. 

5. A compound cf Claim 4 In which R2 Is -CH2CH2OH. 

6. A compound of Claim 3 In which Ri is 
•NH(C - S)NH-R2 In which R2 Is -C6H4-CH2-DTPA. 
-CH2CH2-NH(C - S)NH-C«H4-CH2DTPA. or 
-(CH2)4-NH(C-S)NH-CeH4-CH2DTPA. 

7. A compound of Claim 6 In which R2 is -C6H4-CH2-DTPA. 

8. A compound of Claim 3 of the Formula: 
X-CH2-CO-NH-C6H4-CH2-EDTA-M. 

In which X Is -NH-CaH4-CH2-DTPA. 
•S(CH2)4SCH2(C - 0)NHCeH4CH2DTPA. 
•SCH2CH(OH)CH(OH)CH2SCH2(C - 0)NHCeH4CH2DTPA. 
or -NHCH2CH(OH)CH2NHCH2(C-.0)NHCeH4CH2DTPA. 

9. A compound of Claim 8 In which X Is 0NH-CeH4-CH2-DTPA. 

10. A compound, as claimed in any one of Claims 1 to 9, in which the metal ion is indium or yttrium. 

1 1. A compound, as claimed In Claim 10. in which the metal Ion is ^ ^ Mn or ^^y. 

12. A diagnostic or therapeutic formulation which comprises a compound of Formulae (I), (la), or (Ib), or 
a pharmaceutically acceptable salt thereof, as defined In any one of Claims 1 to 11. associated with a 
pharmaceuticaily acceptable carrier, diluent or excipient therefor. 

13. A tdt adapted for the administration, simultaneously, sequentially, or as a complex, of an 
immunodiagnostic or immunotherapeutic agent, which comprises a compound of any one of Claims 1 to 
1 1 and an antibody, or fragment thereof, said antibody or fragment capable of complexing with said 
compound. 

14. A kit as claimed In Claim 13 in which the antibody is a monoclonal antibody, or fragment thereof. 

15. A kit as claimed In Claim 13 in which the antibody Is a bifunctlonal antibody, or fragment thereof. 

16. A kit as claimed In Claim 13 In which the antibody Is a chimeric antibody, or fragment thereof. 

17. A kit as claimed in Claim 16 in which the antibody Is a humanized antibody, or fragment thereof. 

18. A kit as claimed in Claim in Claim 16 or 17 in whk:h the antibody is a chlmeric-bifunctlonai antibody, or 
fragment thereof. 

19. A kit as claimed In any one of Claims 15 to 18 in which the antibody is a synthetic cross-linked ' 
antibody, or a fragment thereof. 

20. A compound as claimed in any one of Claims 1 to 11 for use In therapy or diagnosis. 
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Claims for the following Contracting States: GR.ES 

1. A diagnostic or therapeutic formulation which comprises as an active ingredient a compound of 
Formula (I): 

^ O S 0 

II II II 

wherein is -NH-C-NH-R2 , -NH-C-NH-R^ , -C-NH-Rj, 
-NH-C-CHj-Rj, -NH-C-CH2-NH-R2, -NH-Ra, 

10 0 0 

or -NH-C-CH2 -S-Rj ; 
II 
O 

15 

R2 is hydrogen, an amino group, -OC-f Y), -g-phenyl-CHj-Y, an unsubslltuted Ci to C30 branched or 
straight chain alkyi group: a substituted Ci to Cso branched or straight chain alkyt, cycloalkyl. aryt or 
aryialkyi group, in which the substituents are one or more of any of: 
hydroxy, «»rboxy, - O. - S. 
20 -C-O.-C-S 
I I 

-S-. •SR4. fluoro. chloro, bromo. iodo. amino, nitro. -SO3H, -NHR3. -NHR4. -N{R3)2. -CONHR3, -COOR3. 
-SO4. -PO4. phenyl, benzyl, imidazole, or a group of the formulae: 
-NH-C-NH-Rj, -NH-C-NH-R3 or -NH-C-NH-R3; 
^11 II II 

NH 0 S 

wherein 

R3 is hydrogen, a Ci to Cso straight or branched chain alkyI group. ' 
-£-phenyl-CH2-Y. 
30 -C.CH3. 
O 

or a non-reactive functional group; 
Y is EDTA. DTPA, DOTA. HETA. TRITA or TETA; 
R4lsHor-CH2-C-NHR3: 
3S 8 

and. Mis a metal ion. 

or a pharmaceutically-acceptable salt thereof, associated with one or more pharmaceutlcally acceptable 
carriers, diluents or excipients therefor. 

2. A diagnostic or therapeutic formulation which comprises as an active Ingredient a compound of 
40 Formula (la): 

£-Ri-CttH4CH2EDTA-M (la) 

SO o 

II II II 

45 wherein R, is -NH-C-NHR2 ; -C-NH-R2 , or -NH-C-CH2 -R2 ; 

in which Rz Is hydrogen; NH2; an unsubstltuted C1-C30 branched or straight chain alkyI group; or a 
Ci*C3o branched or straight chain alkyl. cycloalkyl. ary? or a^ylalkyl group substituted by one or more 
substituents independently selected from the group consisting of: 

-OH; -COOH; -O; -S; -S-; -Q; -F; -Br; -I; -NH2; -NO2; -SO3H; -NH-R3; -CONHRs; -COORa; -SO4; 
50 -PO4: phenyl; and benzyl; 

R3 is H; an alkyl group; or a non-reactive functional group; and M Is a metal Ion. or a 
pharmaceutically-acceptabie salt thereof, associated with one or morel^liarmaceutically acceptable 
carriers, diluents or excipients therefor. 

3. A diagnostic or therapeutic formulation which comprises as an active ingredient a compound of 
55 Formula (lb): 

£-Ri-CeH4-CH2-EDTA-M (lb) 

wherein Ri is -NH-C-NH-Rj. -NH-C-CH2-S-R2 , -NH-C-CH2-R2 . 

II II II 

0 0 0 



eo 



-NH-R2. -NH-C-CH2-NH-R2* or -NH-C-NH-R2; 
II II 
o s 



$5 R2 is -g-phenyl-CH2-Y. -OC-f Y). a substituted Ci to Cso branched or straight chain alkyl. cycloalkyl, aryl 
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or arylalkyl group, in which the substituents are one or more of any of ' 
II 

hydroxy, -C=0, -C=S. -SR4, -NHR3, 
-NHR^, -N(R3)2. imidazolo, or 
a group of the formulae: 

-NH-C-NH-R3, -NH-C-NH-R3 or -NH-C-NH-R,; 

II II II 

NH 0 s ' 

wherein 

R3 is -£-phenyl-CH2-Y, 
or-(j.CH3: 
O 

Y Is EDTA. DTPA, DOTA. HETA. TRITA or TETA; 
R4 isHor-CHa-g-NHRa: 

and. M is a metal ion. 

or a pharmaceuticalJy-acceptable st\lt thereof, associated with one or more pharmaceutlcaHy acceotable 
carriers, diluents or excipients therefor. 

4. A formulation as claimed In CtVm 2 In which Ri of the active Ingredient is -NHfC-SlNH-R? in which 

ff*®''^®'^ ^""^ 'CH2CH3. -(CH2)3CH3. -(CHj)rCH3. -CH2CH2OH. .CH2CH2NH2. ^eHs 
frJ^Murn.'^^u^.'';^^^^^ "(CHjlzCOaH. .(CH2)3C02H. -(CH2)4CH(NHCOCH3)CONH2. 

HCH2)2NHCO(CH2)3C02H. or a pharmaceutically-acceptable saJt thereof. 

5. A formulation as claimed In Claim 4 In which R2 of the active Ingredient is -CH2CH2OH 

6. A formulation as claimed In Claim 3 in which Rt of the active ingredient is -NH(C- S)NH-R2 in which 
% -CflH4-CH2-DTPA. -CH2CH2-NH(C-S)NH.C5H4-CH2DTPA.. or -(CH2)4-NH(C-S)NH-C6H4. 
CH2DTPA. 

7. A formulation as claimed in Claim 6 in which R2 of the active Ingredient is •CeH4-CH2-DTPA 

8. A formulation as claimed In Claim 3 In which the active ingredient is a compound of the Formula* 
X-CH2-CO-NH.CdH4-CH2-EDTA-M. 

In which X is -NH-C6H4-CH2-DTPA, 
.S(CH2)4SCH2(C-0)NHC«H4CH2DTPA, 
-SCH2CH(OH)CH(OH)CH2SCH2(C - 0)NHCeH4CH2DTPA. 
or •NHCH2CH(OH)CH2NHCH2(C- 0)NHC«H4CH2DTPA. 

9. A formulation as claimed in Claim 8 in which X of the active ingredient Is -NH-C6H4-CH2-DTPA. 

10. A formulation as claimed in any one of Claims 1 to 9. In which the metal Ion Is indium or yttrium. 

1 1 . A formulation, as claimed in Claim 10. In which the metal ion is ^ ^ Mn or •OY. 

12. A process for preparing a formulation as claimed in any one of Claims 1 to 11 which comprises 
admixing a compound of Formulae (1), (la), or (lb), o. a pharmaceutlcally acceptable salt thereof, as 
defined In any one of Claims 1 to 11. with a pharmaceutlcally acceptable carrier, diluent or exciplent 
therefor. 

13. A kit adapted for the administration, simultaneously, sequentially, or as a complex, of an 
Immunodlagnostic or immunotherapeutic agent, which comprises a compound of any one of Claims 1 to 
11 and an antibody, or fragment thereof, said antibody or fragment capable of complexlno with said 
compound. 

14. A kit as claimed In Claim 13 In which the antibody is a monoctonal antibody, or fragment thereof. 

15. A kit as claimed In Claim 13 in which the antibody is a bifuncttonal antibody, or fragment thereof. 

16. A kit as claimed In Claim 13 In which the antibody Is a chimeric antibody, or fragment thereof. 

17. A kit as claimed in Claim 16 in which the antibody is a humanized antibody, or fragment thereof 

18. A kit as claimed in Claim In Oalm 16 or 17 in which the antibody Is a chlmeric-blfunctlonal antibody, or 
fragment thereof. 

19. A kit as claimed in any one of Claims 15 to 18 In which the antibody is a synthetic cross-linked 
antibody, or a fragment thereof. 

20. A process for preparing a compound of Formula (I) : 
B-Ri-C«H4-CH2-EDTA-M (I) 

O S 

II - II 
wherein is -NH-C-NH-Rj , -NH-C-NH-Rj , 
-NH-C-CHj -R2 . -NH-C-CHj -NH-Rj , 

0 0 
or-NH-C-CH2-S-R2: 

<i 

R2 is hydrogen, an amino group. -g-phenyl-CHa-Y. an unsubstituted Ci to Cso branched or straight chain 
alkyl group; a substituted Ci to C30 branched or straight chain alkyl. cycloalkyl. aryl or arylalkyl group In 
which the substituents are one or more of any of: 
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hydroxy, carboxy. -0. - S. 
•C-O.-C-S 
I 1 

-S-. -SR4. fluoro. chloro, bromo. lodo, amino, nitro, -SO3H. -NHR3. 
•SO4. -PO4* phenyl, benzyl, imidazolo, or a group of the formulae: 
-NH-C-NH-R3, -NH-C-NH-R3 or -NH-C-NH-Rj; 

II II II 

NH 0 S 



■NHR4, -N(R3)2. -CONHR3. -COOR3. 



wherein R3 Is hydrogen, a Ci to C30 straight or branched chain alkyl group. -g-phenyl-CHj-Y. - g -CH3, 

or a non-reactive functional group; 

Y is EDTA. DTPA, DOTA. HETA, TRITA or TETA: 

R4 IsHor-CHa-^-NHRs; 

and.Mi3ametalion, 

Of a pharmaceutically acceptable salt thereof, which comprises. 

(A) In the case in which R 1 is -NH(C - S)NH-R2. or -NH (C -> 0)NH-R2. 

(1) rc&cting isothiocyanatobenzyl EDTA. Isocyanatobenzyl EOTA. as appropriate, or a metal 
chelate thereof, with a compound of the formula H2N-R2. in which R2 is as described above; or, 

(2) reacting a compound of the formula R2-N » C « S. R2-N «• C « O. as approp riate, or a metal 
chelate thereof, with a compound of the formula: 

EDTA-CH2-C«H4-(NH(C - S)NH)m-(X)n-NH2. or 
EDTA-CH2-C«H4-(NH(C - 0)NH)m-(X)«-NH2. 

or a metal chelate thereof, In which X Is a Ci to C30 branched or straight chain atkyl, aryl or 
aryialkyl group optionally substituted with one or more of the substituents allowed in the 
definition of R2 above, and n and m, independently, are 0 or 1 : 

(B) if Ri is -NH(C-0)CH2-S-R2, reacting g-bromoacetamidobenzyl-EDTA ("BABE"), or a metal 
chelate thereof, with a compour^d of the formula HS-R2. in which R2 Is as defined above; 

(C) if Ri is -NH(C-iO)CH2-NH-R2, reacting g-bromoacetamidobenzyl EDTA ("BABE") with a 
compound of the formula H2N-R2. in which R2 is as defined above; or, If Ri Is -NH(C - 0)CH2-NH-R2 
in which a substituent of R2 Is NHR4. reacting £-bromoacetamidobenzyl-Y In which Y is EDTA, DTPA, 
DOTA, HETA, TRITA or TETA. 

or a metal chelate thereof, with a compound of the fonnula: 
EDTA-CH2-C8H4-NH(C - 0)CH2-NH-X-NH2. 

or a metal chelate thereof, in which X is a Ci to C30 branched or straight chain alkyl. aryl, or aryialkyl 
group optionally substituted with one or more of the substituents allowed in the deflrtltlon of R2. 
above: and, 

(D) if desired, salifying or preparing the metal chelate of the product obtained. 

21. A process as claimed in Claim 20 for preparing a compound of formula (I) in which Ri Is 
.NH(C-.S)NH-R2 in which R2 is selected from -H. -CH2CH3. -(CH2)3CH3, -(CH2)7CH3. -CH2CH2OH. 
-CH2CH2NH2. -CeH«. ' -CH2CflH6, ^•{CeH4)CH2C02H, -{CH2)2C02H. -(CH2)3C02H, 
-(CH2)4CH(NHCOCH3)CONH2. -(CH2)2NHCO(CH2)3C02H. or a pharmaceutlcally-acceptable salt 
thereof. 

22. A process as claimed in Claim 21 for preparing a compound in which R2 is -CH2CH2OH. 

23. A process as claimed in Claim 20 for preparing a compound in which Ri Is -NH(C - S)NH-R2 in which 
R2 is -C«H4-CH2-DTPA. .CH2CH2-NH(C-.S)NH-C6H4-CH2DTPA. br -(CH2)4-NH(C-S)NH.CeH4- 
CH2DTPA. 

24. A process as claimed in Claim 23 for preparing a compound in which R2 is -C8H4-CH2-DTPA. 

25. A process as claimed in Claim 20 for preparing a compound of the Formula: 
X-CH2-CO-NH-C6H4-CH2-EDTA-M. 

in which X is -NH-C«H4-CH2-DTPA, 
-S{CH2)4SCH2(C - 0)NHCeH4CH2DTPA. 
-SCH2CH(OH)CH(OH)CH2SCH2(C - 0)NHC6H4CH2DTPA. 
or -NHCH2CH(OH)CH2NHCH2(C - 0)NHC«H4CH2DTPA. 

26. A process as claimed in Claim 25 in which X is -NH-CeH4-CH2-DTPA. 

27. A process as claimed in any one of Claims 20 to 25 In which the metal ion Is indium or yttrium. 

28. A process as claimed in Claim 27, In wWch the metal ion Is ^ ^ ^n or ^<>Y. 

29. A process as claimed in any one of Claims 20 to 28 In which the pH of the reaction Is between about 6 
and about 12. 

30. A process as claimed In Claim 29 In which the pH of the reaction is between about 8 and about 11. 

31. A process as claimed in Claim 30 in which the temperature of the reaction Is between about 0° C. and 
about 60* C. 

32. A process as claimed in Claim 31 in which the temperature of the reaction Is between about 20** C. 
and about 40* C. 
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FIG.4 

PRELOCALI2ATI0N OP 5\x<j ECH037.2 
EOTUBE vs TUBE vs NUB£ vs PHATUBE. 
24HR TIUE POINT. 
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FIG.5 



PRELOCALIZATION OP Spg BCH037.2 
EOTUBE v$ TUBE vs NUBE vs PHATUBE, 
48HR TIME POINT. 
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FIG.6 



PRELOCALIZATION OP Spg ECH037.2 
EOTUBE vs TUBE vs NUBE vs PHATUBE 
4HR TUMOR/ORGAN 
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FIG.7 



PRELOCALIZATION OF 5\ig ECH037.2 

EOTUBE vs TUBE vs NUBE vs PHATUBE. 
24HR TUMOR/ORGAN. 
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